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This  report  of  the  Upper  Colorado  Region  State-Federal  Inter-agency  Group 
was  prepared  at  field  level  and  presents  a framework  program  for  the  devel- 
opment and  management  of  the  water  and  related  land  resources  of  the  Upper 
Colorado  Region.  This  report  is  subject  to  review  by  the  interested  Fed- 
eral agencies  at  the  departmental  level,  by  the  Governors  of  the  affected 
states,  and  by  the  Water  Resources  Council  prior  to  its  transmittal  to  the 
Congress  for  its  consideration. 
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Tills  report  summarizes  the  results  of  comprehensive  investigations 
for  the  formulation  of  proposed  plans  to  provide  a broad  joiide  to  the  best 
use,  or  combination  of  uses,  of  water  and  related  land  resources  to  meet 
foreseeable  needs.  It  provides  appraisals  of  natural  resources  and  their 
geographic  distribution,  makes  pro.iectio^s  of  future  requirements,  defines 
problem.s  and  needs,  and  preserits  a framework  program  and  alternatives 
thei’eto  to  serve  as  a general  fpuide  for  resource  dev'elopment  and  conserva- 
tion for  the  years  19^,  2000,  and  2020. 

The  tipper  Colorado  Region  comprises  the  drainage  of  the  Colorado 
River  above  Lee  r’erry,  Arizona,  and  the  Oreat  Divide  Basin  in  south-central 
Wyomln;^.  The  region  includes  parts  o!’  Arizona,  Colorado,  New  t-iexico,  Utah, 
and  Wyoming  and  totals  113,^96  square  miles  in  area.  Nearly  two-thirds  of 
the  land  is  in  public  oiACiership. 

The  region  is  and  probably  \,rill  rem.ain  largely  an  exporter  of  raw  and 
partially  processed  materials  and  other  resources,  including  water  and  an 
importer  of  finislied  products.  A majority  oi’  the  available  water  is  now 
committed  to  dowtistream  deliver^"  and  transmountain  diversion. 

Agriculture  is  livestock  oriented,  ;vith  beef  cattle  being  the  major 
product.  They  are  produced  on  the  range-  and  irrigated- farm  base  and 
mostly  marketed  outside  the  region.  About  8?  percent  of  the  projected 
production  of  electrical  energy  will  be  exported.  The  bulk  of  mineral 
development  will  be  for  petroleum,  uranium,  coal,  molybdenum,  and  trona 
production.  The  1965  population  of  366,000  is  projected  to  almost  double 
by  2020.  This  includes  the  hydrologic  portion  of  Ailzona. 

'.Xitstanding  opportunities  are  available  for  year-round  recreational 
activities.  A great  number  of  visitors  from  adjoining  regions  and  through- 
out the  United  States  enjoy  the  fishitig,  liunting,  skiing,  canniing,  and 
other  outdoor  activities  within  the  region. 

llie  1965  level  of  water  and  related  land  utilization,  management , and 
development  was  used  as  the  base  year  for  plannin^t.  The  total  water  supply, 
which  assumes  no  depletions  by  m.an's  activities,  averages  1U.87  nlllion 
acre-feet  annually  based  upon  the  period  191U-65,  On-site  depletions  plus 
the  evaporation  from  reservoirs  on  the  main  stem  of  t!ie  Colorado  River  for 
1965  normalized  conditions  were  3-*+5  million  acre-feet.  Trrig,ation  and 
associated  depletions  accounted  for  62  percent,  of  the  l^Xii  use,  main-stem 
reservoir  evaporation  19  percent,  export  to  adjacent  regions  15  pei'cent, 
and  the  remaining  U percent  was  used  for  all  other  pui’poses. 

Ttic  Office  01'  Business  Kconomics  and  Kconomic  Researcli  Service 
Marcti  1'-X'8,  projections  were  modified  to  better  fit  t.he  situation  in  the 
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region.  These  modified  projections  are  designated  as  the  regionally  inter- 
preted OBERS  projections  (RI  OBERG)  and  are  the  basis  for  the  framework 
plan.  This  pla.n  is  described  in  detail,  then  is  followed  by  alternative 
plans  that  reflect  emphasis  on  different  uses  for  the  available  water  sup- 
plies and  resources.  The  alternative  plans  are  identified  as: 

1.  States'  alternative  to  the  framework  plan  (6.55  million 
acre-foot)  level  of  development, 

2.  States’  alternative  at  the  8.l6  million  acre- foot  level  of 
development,  and 

3.  States'  alternative  for  water  supply  physically  available 
at  site  in  the  region  iS.hk  million  acre-feet). 

Comparisons  of  the  framework  plan  and  alternate  levels  of  development 
are  shown  in  the  table  on  the  following  page. 

Program  costs  borne  by  the  federal  Government  for  the  framework  plan 
would  total  about  $3  billion  for  the  55  years  for  installation;  annual 

(operation,  maintenance,  and  replacement)  costs  would  increase  to 
about  $48  million  by  2020.  Non- Federal  entity  costs  would  total  $10  bil- 
lion for  installation  by  2020,  with  OM&R  costs  increasing  to  over  $646 
million  annually,  particularly  for  thermal-electric  power  and  recreation. 


Time 

frame 

Water  de- 
velopment 

Associated 

development 

Total  de- 
velop me  nt 

1966-1980 

1,190,300 

Installation  cost  in 
2,700,S4o 

;i,ooo 

3,891,140 

1981-2000 

1,074,350 

5,982,310 

7,056,660 

2001-2020 

658,780 

1,397,680 

2,056,460 

19CO-2020 

2,923,430 

10,080,830 

13,004(260 

All  proposed  levels  of  development  meet  the  requirements  of  OBERS 
projections  and  use  the  available  resources  of  the  region  in  varying  de- 
grees. It  appears  that  the  commitments  of  the  Colorado  River  Compact  can 
be  met,  and  except  for  local  shortages  during  low  streamflows,  on-site 
demands  can  be  met  for  the  6.55  MAP  development  level.  At  the  two  higher 
levels,  augmentation  will  be  required. 

Land  and  mineral  resources  exist  in  sufficient  quantity  to  meet  all 
projected  levels  of  development.  With  minor  exceptions,  hunting  and  fish- 
ing needs  will  be  met. 


1 1 


SUMMARY  (Continued) 


romj\-irison  of  fnunt'work  plan  and  alternatives 
for  water  ai.d  selected  related  requirements, 
npper  I'olorado  Ket^ion 


Unit 

l^X’5 

base 

Frame- 
work 
plan 
in  2020 

States'  alterna 

~T3 0^: 

million  million 
acre-  acre- 

feet  feet 

in  2020  in  2020 

lives 
Water 
avai 1 - 
able 
at  site 
in  2020 

On-site  l^rletions 

I rrigation 

1,000  ac.-ft. 

2.12S 

3,294 

5 , 207 

3.658 

4.0S0 

Exi'ort 

1,000  ac.-ft. 

55.1 

1,053 

l.'*55 

2.203 

2,8l-? 

Other  uses 

1.000  ac. - ft . 

132 

941 

1,13b 

1.642 

1,878 

Less  import 

1 ,000  ac . - ft . 

V-I3 

' ^ i 

V - 

Subtotal 

.:  . 

■5,?8'5 

5. 88', 

7.500 

8.781 

Main-stem  reservoir 

evaporation. 

1,000  ac.-rt. 

t'U  ^ 

660 

6(>0 

bbO 

i'bO 

Total 

3. ''51 

>'.545 

'',5!'5 

S.l^'O 

■■9.  Ill 

Agricultural 

Activltv 

Irri^^noed  land 

1,000  acres 

l,r22 

2,122 

2,118 

2,354 

2, 5'.  9 

Pr.v  oroplai'.d 

1 , 000  ac  re  s 

PO3 

503 

503 

503 

503 

RaUfte  production 

1,000  AUK'S 

b,  %8 

7,b65 

7,6b5 

7.6b5 

8.  592 

Timber  produc*ion 

Mil.  cu.  ft. 

48 

340 

340 

340 

3^*0 

Industrial 

•Activity 

Electric  power 

nterm:U 

Megawatts 

1.335 

42.081 

42,591 

47,591 

50,391 

Hydro 

Megawatt  s 

1,300 

1.300 

1,300 

1.300 

1 . 300 

Mi  nerals 

r.ha'.e  oil 

Mil.  bbl.  day 

0 

0 

1.5 

4 

L 

Coal  b.V’products 

Equivalent 

mil.  bbl.  day 

0 

0 

0.2 

0.8 

1.6 

Potash 

Tons  day 

0 

0 

4,100 

4,100 

4.100 

Fish  and  Wildlife 

- Recreation 

Fish  and  wildlife 

Sport  hunting 

1,000  man-dai’s 

l,2b8 

2,374 

2,b34 

2,055 

^.072 

Sport  fishing 

1.000  man-days 

3,547 

8,687 

b.221 

o.f^oi 

10,004 

Recreation 

Mil.  rec.-days 

225 

225 

225 

225 

Watershed  Management 

arid  Flood  Control 

Watershed  management 

Sediment  yield  reduction 

Ac.-ft . yr. 

2,Vb4 

2,Vb4 

2,"b‘4 

2,"bL 

Flood  control 

Flood  damof'ie  reduction 

1.000  doll.ars 

i-."44 

7,  Ob  3 

",  ,54 

Economic  Activity  iKcor.omio  boundaries' 

iopiil  -it  ion 

1 .000' s 

IT,' 

,-4(. 

■•lOl 

Employment 

l.OtXVs 

111 

251 

28^) 

i4i 

iross  regional  product 

Mil.  dollars 

1 ,l4? 

10.4,'0 

n . '12 

1 ^O0( 

fersor.al  income 

LsJjJi 

8.570 

10. ‘,.20 
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SOURCE  OF  WATER 


STORAGE  FOR  FLOOD  CONTROL 
RECREATION  , POWER  , 


MUNICIPAL  AND  INDUSTRIAL 


Watsr  Is  on  important  rssourc*  of  the  Upper  Colorado  Region.  Water  from  the 
melting  snow  is  stored  in  multiple- purpose  reservoirs  for  flood  control,  recreation, 
power,  irrigation  , and  municipal  and  industrial  use. 
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PART  r 


INTRODUCTION 


Authorization,  Pun>ose,  and  Scope 

The  Upper  Colorado  Region  is  one  of  the  major  river  basins  in  the 
United  States  included  in  a nationwide  program  to  provide  comprehensive 
river  basin  plans  for  the  development,  use,  and  management  of  water  and 
related  land  resources.  This  program  stemmed  from  recommendations  of  the 
Senate  Select  Committee  on  National  Water  Resources;  and  planning  con- 
cepts are  embodied  in  Senate  Document  No.  97,  87th  Congress,  Second  Ses- 
sion. The  overall  program  was  presented  by  the  President  in  the  Fiscal 
Year  19b3  budget.  The  Upper  Colorado  Region  study  was  approved  by  Con- 
gress, and  funds  were  provided  to  start  this  activity  in  Fiscal  Year  I967. 

The  States  of  Arizona,  Colorado,  New  Mexico,  Utah,  and  Wyoming,  and 
the  Upper  Colorado  River  Commission  participated  with  the  various  I’ederal 
agencies  in  this  investigation  under  authority  provided  by  the  appropriate 
state  legislature. 

The  basic  objective  in  the  formulation  of  the  framework  plan  and  al- 
ternatives is  to  provide  a broad  guide  to  the  best  use,  or  combination  of 
uses,  of  water  and  related  land  resources  in  each  region  to  meet  foresee- 
able short-  and  long-term  needs.  In  studies  to  achieve  this  basic  ob.iec- 
tive,  consideration  was  given  to:  (a)  the  timelj'^  development  and  manage- 

ment of  these  resources  as  essential  aids  to  the  economic  development  and 
growth  of  a region;  (b)  the  preservation  of  resources,  in  appropriate  in- 
stances, to  insure  that  they  will  be  available  for  their  best  use  as 
needed;  and  (c)  the  well-being  of  all  of  the  people  as  the  overriding  de- 
terminant in  such  planning. 

The  purpose  of  this  report  is  t,o  present  condensations  of  the  find- 
ings of  the  supporting  appendices;  the  descript, ion  of  the  region;  the 
present  (1985)  status  of  water  and  related  land  resource  development; 
availability  of  water,  land,  and  other  resources;  and  regional  needs  and 
demands.  Also,  the  report,  presents  a comp reliensive  framework  plan  and 
possible  alternative  plans,  a comparison  of  proposed  plans,  conclusions 
reached,  and  recommendations  for  future  action. 

The  studies  made  for  this  report  are  preliminary,  or  reconnaissance, 
in  scope.  All  geographic  areas  witliin  the  region  and  all  purposes  served 
by  the  conservation,  development.,  and  use  of  water  and  relat.ed  land  re- 
sources were  considered.  Available  data  pertinent  to  ttie  study  th.at 
have  been  collected,  developed,  and  cat.aloged  over  the  years  by  local. 
State,  and  Federal  agencies  were  utilized.  'I’he  studies  considered  only 
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intfaretjional  water  and  related  land  i-esources  use  except,  for  those  in- 
terregional water  uses  est.ablished  by  prior  compacts  and  agreements. 


Ouidelines 


.General  guidelines  for  I'riunework  studies  were  prepai-ed  by  tlie  Water 
Resources  Council  and  Pacific  Southwest  Inter-Agency  Committee,  I'or  ex- 
ample, the  following  guidelines,  all  formulated  in  the  early  stages  of 
this  study,  became  prevailing  considei’ations  and  were  complied  with  dur- 
ing the  course  of  the  study. 

1.  All  interregional  diversions  will  be  recognized  and  the  exiiected 
transfers  of  water  included  as  a loss  to  the  transferring-out  region  and 
available  for  use  in  the  ti’ansferring-in  region. 

2.  Hie  distribution  of  water  between  regions  will  be  made  in  accord- 
atice  witt'i  existing  compacts  and  legal  agreement.s. 

3.  A>railable  water  allocated  under  compacts,  agreements,  or  laws  but 
not  present.ly  in  beneficial  use  by  tlie  allottee  will  be  available  for  fu- 
ture beneficial  use  of  the  allottee  (state  or  other  organizational  unit'^. 
This  study  will  rely  on  appropriate  state  laws  or  policies  for  determina- 
tion of  priorities  of  use  among  competing  areas  and  uses. 

U.  The  ocean  should  be  considered  available  and  plans  foi-  its  use 
as  a water  r-esource  could  be  included.  Availability  to  tlie  Upper  Colorado 
Region  would  be  limited  by  exchange  with  other  regions. 

5.  Consideration  of  water  quality  will  provide  sufficient  latitude 
•o  permit  future  grow*h  and  tlill  development  of  water  use,  provided  't.e 
condition  of  the  water  does  not  r-eflect  failure  to  apply  cori'ec'.  ive  meas- 
ures which  are  physically  and  economically  feasible.  These  water  quality 
coi.siderations  shall  not  inliiblt  application  in  any  wa.v  of  existing  inter- 
state compacts  or  cour:  decrees  or  intrastate  appropria' ion  of  water. 

b.  iRqiort.atiou  of  water  from  out. side  t!\e  Pacific  foutliwes*  will  no‘ 
be  investiga'ed  except  for  presently  authoi’ized  projects. 

Tile  relat  ionshlps  of  wild  and  scenic  rivers  to  land  use.  wa'er- 
siied  management,  water  development,  and  otlier  I'unct.ions  will  I'c  consid- 
ered. 


8.  Maintenance  of  envi  ronmen*  al  quality  will  i>e  riven  high  pi'iori';, 
in  planning:  for  ttie  flit.ure. 

Only  reneral  consider-i' ion  will  l‘C  .'iven  to  cost  - rcpa;,me:.‘  capn.'- 
i‘y  rela"  i ot.sh  i ps  for'  select  iot.  of  .a  pla:  of  w.-Cer  and  land  devel  opmen'  . 
idle  plat;  will  i'O  I'ascd  essen'ially  upo'i  *!.e  reasoned  .'ud.'mr'n ' of  compe'i"  ' 
pi  anr.e  rs . 
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Coope rating  A^^encies 

This  report  is  a cooperative  effort  of  the  following  States  and  Fed- 
eral agencies. 

State  of  Arizona 

State  of  Colorado 

State  of  New  Mexico 

State  of  Utah 

State  of  Wyoming 

Upper  Colorado  River  Commission 

Department  of  Agriculture 

Agricultural  Research  Service 
Forest  Service 
EconomJ-C  Research  Service 
Rural  Electrification  Administration 
Soil  Conservation  Service 
Department  of  the  Army 
Corps  of  Engineers 
Department  of  Commerce 

Economic  Development  Admi rust ration 
National  Weather  Service 
Department  of  the  Interior 
Bureau  of  Reclamation 
Bureau  of  Outdoor  Recreation 
Bureau  of  Sport  Fisheries  and  Wildlife 
Bureau  of  Indian  Affairs 
Bureau  of  Land  Management 
Bureau  of  Mines 
leological  Survey 
National  Park  Service 
Environmental  Protection  Agency 
Water  Quality  Office 
Department  of  Labor 

Bureau  of  Emplo;\'ment  Security 
Depar*:raent  of  Transportation 

Federal  Highway  Administration 
Federal  Power  Commission 

Department  of  Health,  Education,  and  Welfare 
Public  Health  Service 


Coordina''ion  arid  Administration 

The  V/ater  Resources  Hanning  Act  (l.L.  80-B0,  -'uly  02,  l'-‘>65)  estab- 
lished the  Water  Resources  'ouncil.  T’le  i resident  ‘ransferred  tiie  fu.-ic- 
tions  and  commit' ee  organizatior.  of  tl.e  1;.‘ er-Ageiicy  Committee  or,  V.'aier 
Resources  to  the  'Wa'er  Resources  'ouncil  o:.  April  10.  iOi  r . Hy  le*'er  ol 
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October  10,  I966,  the  Water  Resources  Council  requested  the  Pacific  South- 
west Inter-Agency  Committee  (PSIAC)  to  take  leadership  and  coordinate  the 
comprehensive  studies  in  the  Pacific  Southwest,  including  the  Upper  Colo- 
rado Region.  PSIAC  accepted  this  responsibility  by  letter  of  November  21, 
1966.  An  organization  meeting  to  begin  the  Upper  Colorado  Region  study 
was  held  on  January  31>  196?.  The  Upper  Colorado  River  Commission  was 
subsequently  designated  as  the  chair  agency. 

State  and  Federal  agency  coordination  during  the  study  phase  of  this 
report  consisted  of  correlation  and  consolidation  of  basic  information, 
analyses  of  present  and  future  water  and  related  land  use  problems,  and 
formulation  of  the  framework  plan  and  alternatives.  Each  participating 
agency  provided  basic  data,  analyses,  and  leadership  in  its  special  field. 
Detailed  coordination  was  accomplished  through  the  use  of  work  groups  and 
task  forces. 
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Lo^vition  ;iiul  L'i^e 


The  Uppei’  Colorado  Repiou  coi-ipi-i oeo  the  tirainat;,e  bacin  of  the  Colo-  • 
rado  River  above  Lee  Feri’y,  Arizona,  a;id  the  Great  Divide  Basin  in  south- 
v’ontral  Wyomin^%  The  ref'ion  is  on  the  west  side  of  the  Continental  Divide 
and  ineiudes  parts  of  Arl.'.ona_.  Colorado,  New  Mexico,  Utah,  and  V/yoniing. 

It  encompasses  an  area  of  113, s luare  miles,  including  109,5^^0  square 
miles  in  the  Upper  Colorado  River  drainage  and  3,916  square  miles  in  tlie 
Gi'eat  Divide  Basin  of  Wyoming.  The  region  is  sounded  on  the  east  and  north 
by  mountains  forming  the  Continental  Divide  and  on  the  west  by  the  Wasatch 
Mountains.  On  the  south  it  opens  to  tlie  Lower  Colorado  Region  at  Lee  Ferry 
in  nortiiern  .Arizona. 

For  the  purpose  oi‘  ana  Lysing  pz'obLems  and  selecting  a I'ramewoi'k  plan, 
the  region  was  divided  into  tiiree  hydrologic  subregions  comprising  tlie 
natural  drainage  basins  of  the  Colorado  River  and  its  two  principiil  tribu- 
t-a-ies,  the  Green  and  Can  Juan  Rivers.  These  areas  are  generally  indepen- 
dent of  each  other,  especially  with  regard  to  water  and  related  land  use. 
Total  area  of  the  I’efjion  by  stater,  and  subia'gions  is  shown  below.  The  sub- 
regions  are  del.ineated  on  the  fi'ontlspiece  map  and  are  discussed  in  the 
follow^  sections. 


Ai’ea  by  states  and  subreguons 
(Unit-- r.,piarc  miles) 


L-ubre^uon 

Ar  i r.ona  CoJ  oi'ado 

New 

Mexico 

Utali 

Wyoming 

Total 

Green  River 

10.9Y'i 

1-7  .God 

1/21 ,020 

Upper  Main  Stem 
San  Juan- 

22,Ld8 

7 ,027 

26.192 

Color'ado 

6,  *27  h,800 

16.17, 

38.677 

Total 

T1 1 ^ _ 

0,927  38,572 

9,  ;'io 

87,2o7 

21,020 

J 

Gi'een  River  Cubregion 


iquare 


The  Green  River  Cubreglon  is  Located  in  southwestern  Wyoming,  noi’tli- 
western  Colorado,  and  nort.lieastern  Utah.  It  has  an  area  of  about  ^8,o60 
square  miles  or  about  ^3  percet.t.  oJ‘  the  I'lit.ire  rof'ion,  and  comprises  the 
entire  drainai'c  imsln  of  1 he  Gi'een  River  'aid  the  Great  Divide  B'lsin. 
Fi'incip.al  ti'it5ut..ar ! es  of  !':e  Gi'een  Kivei'  ai'e  l-.hu'l.!'.  Forii  anc!  Hams  Fork  in 
sout.hwi.’Stern  'Wyomin<*.  Yami):!,  anii  V.’n  i i e iUverr  on  i hi'  vestin’;)  sIojh'  of  the 
1,'ont  inentnl  Dlviei.-  in  nort  i.we,.; . -r':  C.-l  > . c t I'e  irice.  Dn -hi'scic  , 
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and  San  Rafael  Rivers  in  eastern  Utah.  These  streams  are  led  by  numerous 
headwater  lakes.  The  Great  Divide  Basin  has  only  one  stream  with  pereiiniai 
flow,  a few  perennial  lakes,  and  numerous  intermittent  or  dry  Lakes  and 
streams.  It  does  not  contribute  to  tlie  water  resources  of  the  region  ex- 
cept for  a small  amotmt  of  internal  use. 

The  lai'gest  towns  in  the  subregion  are  Rock  Gprings  and  Green  River 
in  Wyoming,  Vernal  and  Pi-ice  in  Utah,  and  Craig,  Gteamooat  Springs,  and 
Meeker  in  Colorado. 

The  subregion  is  well  served  with  transportation  facilities.  Inter- 
state 80  crosses  the  plains  of  southern  Wyoming  and  U.S.  hO  crosses  the 
northern  Colorado  and  Utah  parts  of  the  subregion.  In  addition.  Inter- 
state 7^  passes  tiirough  the  southern  part  of  tiie  subregion  in  Utah.  A net- 
work of  state  highways  and  local  roads  connect  towns  of  the  area.  The  ntiin 
line  of  the  Union  Pacific  Railroad  crosses  southern  Wyoming.  The  main  line 
of  tile  Denver  & Rio  Grande  Western  Railroad  passes  through  Price  in  Utah, 
and  a branch  line  serves  Steamboat  Springs  and  Craig  in  Colorado. 

Mineral  development  is  the  major  industry  of  tlie  Green  River  Subre- 
gion. Oil  and  natural  gas  are  of  primary  importance.  Also  of  major  im- 
portance are  coal,  gilsonite,  asplialt,  and  trona  (soda  ash).  Vast 
reserves  of  oil  shale  are  present  and  offer  potential  for  large  future 
industrial  developments. 

Agriculture  ranks  near  mlnei-al  production  in  importance  to  the  local 
economy.  Agricultural  development  is  centered  aromid  livestock  produc- 
tion, primarily  beef  cattle  and  sheep.  Because  of  a short  growing  season, 
crop  production  is  limited  largely  to  small  grain,  hay,  and  pastire. 

These  crops  are  used  as  winter  livestock  feed  and  complement  the  vast 
areas  of  public  g;racing  lands  administered  by  the  Forest  Service  and  3u- 
i-eau  or  Land  Managemeist. 

Forestry  and  timber-based  industries  are  a significant  segment  of 
the  local  economy.  Nine  million  acres  of  the  subregion  are  forest  or  -wood- 
lands and  Jiave  a direct  effect  on  the  local  economy.  Many  of  the  riiral 
communities  are  dependent  on  the  forests  for  their  livelihood  tiirough  the 
lumbei-  and  wood  industries,  management  and  protection  of  the  forests,  oi- 
forest  recreation. 

Recreation  is  increasingly  important  to  the  economy.  Large  numbers 
of  vacationers  are  attracted  by  the  Flaming  Gorge  National  Recreation 
Area  and  the  Dinosaur  National  Monument,  as  well  as  by  several  national 
i’orests  and  ottier  public  lands  witii  outstanding  recreational  opportuni- 
i ies.  Also  popular  as  i-ecreation  spots  are  numerous  state  parks,  privat.e 
developments,  and  -winter  sports  areas. 
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Upper  Main  Stem  Subregion 

The  Upper  Main  Stem  Subregion  is  the  area  drained  by  the  Colorado 
River  and  its  tributaries  above  the  mouth  of  Green  River.  Principal  trib- 
utaries are  the  Roaring  Fork,  Gunnison,  and  Dolores  Rivers.  The  subregion 
has  an  area  of  26,192  stjuare  miles,  with  about  85  percent  of  the  area  in 
Colorado  and  the  remainder  in  Utah. 

Grand  Junction,  Montrose,  and  Glenwood  Springs  are  the  principal 
towns  of  the  subregion  in  Colorado.  Moab  is  the  only  major  community  in 
the  Utah  portion. 

Interstate  'JO  and  the  main  line  of  the  Denver  & Rio  Grande  Western 
Railroad  traverse  the  subregion  and  provide  the  principal  transportation 
routes.  A network  of  state  highways  and  secondary  roads  also  extends 
through  the  area. 

Mineral  development  is  the  predominant  industry  of  the  subregion.  The 
area  is  the  Nation's  chief  source  of  molybdenum  and  is  a major  source  of 
vanadium,  uranium,  lead,  zinc,  coal,  and  gilsonite.  Although  gold  and 
silver  were  the  basis  for  early  settlement,  production  of  these  metals  is 
now  of  secondary  importance.  Like  the  Green  River  Subregion,  the  Upper 
Main  Stem  Subregion  contains  vast  resex'ves  of  oil  shale  which  offer  po- 
tentialities for  large  future  industrial  developments. 

In  the  Upper  Main  Stem  Subregion,  as  in  the  Green  River  Suoregion, 
agriculture  centers  around  livestock  production  and  production  of  live- 
stock feeds  on  irrigated  lands  to  complement  the  large  areas  of  range- 
land.  There  is  somewhat  more  diversification  of  crops  in  the  Upper  Main 
Stem  Subregion,  however,  with  some  major  land  areas  devoted  to  sugar 
beets,  beans,  potatoes,  table  vegetables,  and  fruit.  This  diversifica- 
tion is  made  possible  by  climatic  and  topographic  conditions  which  create 
favorable  air  drainage  and  minimize  frost  damage. 

The  subregion  contains  numerous  recreational  areas  of  national  sig- 
nificance. These  Include  several  national  forests,  the  Rocky  Mountain 
National  Park  and  a part  of  the  Canyonlands  National  Park,  the  Shadow 
Mountain  and  Curecanti  National  Recreation  Areas,  and  the  Black  Canyon 
of  the  Gunnison,  Colorado,  and  Arches  National  Monuments.  Also  the  area 
contains  such  noted  resort  areas  as  Aspen  and  Vail  as  well  as  many  pop- 
ular smaller  resorts  on  both  public  and  private  land. 

San  Juan- Colorado  Subi’egion 

The  San  Juan- Colorado  Subregion  is  the  area  drained  by  the  Colo- 
rado River  and  its  tributaries  between  the  mouth  of  the  Green  River  and 
Lee  Ferry,  Arizona.  The  largest  of  the  tributary  streams  Is  the  San 
Juan  River  which  heads  on  the  western  slope  of  the  Continental  Divide 
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in  southwestern  Colorado.  Three  smll  tributaries  are  Dirty  Devil,  Esca- 
lante, and  Paria  Rivers  which  drain  a portion  of  the  eastern  slope  of  the 
Wasatch  Plateau  in  Utah.  The  subregion  includes  portions  of  Utah,  New 
Mexico,  Arizona,  and  Colorado.  It  has  a total  area  of  about  38,6^^  square 
miles,  5^  percent  of  the  Upper  Colorado  Region. 

The  largest  towns  of  the  subregion  are  Durarigo  and  Cortez  in  Colo- 
rado, Monticello  and  Blanding  in  Utah,  and  Farmington  in  New  Mexico. 

Page  at  Glen  Canyon  Dam  is  the  only  community  of  significant  size  in  the 
Arizona  portion  of  the  subregion.  Most  of  the  remaining  Anri zona  portion 
is  in  the  Navajo  Indian  Reservation. 

The  subregion  is  served  byU.S.  Highways  dh,  89,  I60,  164,  ^^0,  and 
666  and  by  an  extensive  system  of  state  highways  and  secondary  roads. 

Mining  and  agriculture  form  the  economic  base  for  the  San  Juan- 
Colorado  Subregion.  The  agricultural  development  is  similar  to  that  of 
the  Upper  Main  Stem  Subregion  with  most  of  the  cropland  devoted  to  live- 
stock feeds  but  with  production  of  diversified  market  crops  on  lands 
with  favorable  air  drainage.  The  main  market  crops  are  fruit,  vegetables, 
and  dry  beans.  Oil,  natural  gas,  and  coal  are  the  most  important  minerals 
produced.  There  is  also  a significant  production  of  vanadium  and  uranium. 
Gold,  silver,  and  associated  minerals  are  produced,  but  their  Importance 
has  declined  considerably  from  the  boom  production  of  the  early  settlement 
days. 


Recreation  and  associated  industries  contribute  substantially  to  the 
local  and  region  economy.  The  San  Juan  Mountains,  known  as  the  "American 
Alps,"  are  renowned  for  their  scenic  beauty  and  recreational  opport'uni- 
ties  and  attract  vacationers  from  throughout  the  country.  The  subregion 
also  is  noted  for  its  national  forest  and  for  its  national  parks  and 
monuments,  many  of  which  preserve  prehistoric  Indian  ruins.  It  contains 
Bryce  Canyon  and  Mesa  Verde  National  Parks  and  the  major  part  of  Canyon- 
lands  National  Park.  Also,  it  includes  nine  national  monuments- -Yucca 
House,  Navajo,  Capitol  Reef,  Rainbow  Bridge,  Canyon  de  Chelly,  Natural 
Bridges,  Hovenweep,  Aztec  Ruins,  and  Chaco  Canyon.  Also  notable  in  the 
subregion  are  the  Glen  Canyon  National  Recreation  Area  and  the  "Fo\.ir 
Corners,"  the  only  point  in  the  United  States  where  four  states  join. 
Many  recreational  facilities  are  provided  on  the  public  domain  and  by 
state,  local,  and  private  developments. 

Economic  subregions 

In  addition  to  the  three  hydrologic  subregions  described  above,  the 
region  was  divided  into  three  economic  subregions  for  use  in  economic 
analyses.  These  subregions  are  similar  to  the  hydrologic  subregions  but 
are  defined  by  county  lines  rather  than  by  river  drainage.  This  simpli- 
fied the  collection  of  statistical  data  for  the  economic  analyses  which 
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are  available  by  counties.  The  differences  in  boundaries  necessarily 
cause  so.fne  variations  in  the  statistical  data  for  the  economic  and  hydro- 
logic  subregions,  but  these  are  generally  small. 


History 

The  prehistory  of  the  region  spans  the  first  11,000  years  and  it  is 
anticipated  that  earlier  evidences  of  the  presence  of  man  may  be  found. 
The  Lithic  Stage  commenced  about  9,000  B.C.  and  is  characterized  by 
finely  chipped  Clovis  Fluted  projectile  points,  the  well-known  Folsom 
points,  and  the  delicately  flaked  leaf- shaped  Eden  and  A.ngostura  points. 
I-lan  subsisted  on  big  game  hunting  during  this  period.  The  Archaic  Stage, 
which  dates  from  about  2,000  B.C.,  followed.  Artifacts  indicate  man  had 
adapted  to  a hunting  and  plant-gathering  subsistence  in  a harsh  desert 
and  semiarid  environme.nt . During  the  Archaic  Stage,  man  began  to  special- 
ize into  regionally  identifiable  cultural  groupings  out  of  which  the  later 
period  a.nd  better-known  Anasazi  and  Fremont  cultures  e.merged.  The  Anasazi 
culture,  which  ranges  from  the  fifth  to  the  li*th  century,  A.D. , is  known 
for  impressive  achieveme.nts  in  architecture,  ceramics,  and  horticulture 
and  had  a highly  developed  religious  system. 

There  is  a discontinuity  between  the  prehistoric  cultures  and  the  In- 
dian populations  existing  at  the  time  the  first  European  explorers  entered 
the  Region.  Navajos,  situated  in  the  southern  portion  of  the  region,  are 
latecomers  who  arrived  during  the  last  9^0  years. 

In  1869  Major  John  Wesley  Powell  explored  5OO  miles  of  the  Colorado 
River  system  from  Green  River,  Wyoming,  to  the  mouth  of  the  Virgin  River 
within  the  present  area  of  Lake  Mead.  Powell's  studies  and  recommenda- 
tions were  the  first  and  for  many  years  the  most  significant  in  shaping 
policy  and  legislation  for  adapting  the  arid  lands  of  the  West  to  agri- 
culture. 

One  of  the  first  permanent  settlements  was  the  fort  built  by  Antoine 
Robidou  in  I832  near  the  confluence  of  the  Uinta  and  Duchesne  Rivers  in 
the  Green  River  Subregion.  John  Robertson  established  a trading  post  on 
Blacks  Fork  about  183^  and  induced  Jim  Bridger  to  settle  nearby  along  the 
immigrant  trail  to  Oregon  and  later  to  California.  Fort  Bridger  became 
an  important  resupply  point  for  the  Mormon  pioneers  in  13^+7  and  succeed- 
ing years  and  for  California-bound  travelers  following  the  gold  discovery 
of  l8ito. 

Gold  attracted  early  prospectors  and  miners  to  the  region.  It  was 
discovered  near  Brecxenridge,  Colorado,  in  l859j  and  numerous  placer 
mines  quickly  flourished.  Other  gold  and  silver  strikes  followed.  Dur- 
ing the  next  few  years  there  was  considerable  development  throughout  the 
Colorado  part  of  the  region  and  the  population  increased  rapidly. 
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Settlement  was  confined  at  first  to  mining  camps  in  the  upper  reaches 
of  the  rivers  and  to  limited  agricultural  areas  that  developed  to  supply 
the  nearoy  camps  and  the  travelers  on  the  overland  trails  to  the  West. 
With  the  decline  of  mining  enterprises,  agriculture  became  the  oasic  in- 
dustry of  the  region.  Many  miners,  disappointed  in  their  search  for  gold 
and  silver,  turned  to  stockraising  and  the  growing  of  crops  as  a means 
of  livelihood.  Towns  and  cities  were  developed  mainly  near  farms  and  mines 
and  at  important  railroad  poi.nts.  Statehood  was  achieved  by  Colorado  in 
1870,  Wyoming  in  I89O,  Utah  in  I896,  and  Hew  Mexico  and  Arizona  in  1912- 


Development 


The  Mormon  pioneers  early  established  the  pattern  of  small  agricul- 
t'ural  communities  along  river  valleys  where  the  more  favorable  farming 
land  could  oe  cultivated  and  irrigated  and  where  livestock  could  be 
grazed  on  nearby  forest  and  rangelands.  The  livestock  industry  soon  be- 
ca.me  an  important  sector  of  the  agricultural  economy  and  remains  today  as 
a major  industry  in  most  of  the  region. 

It  was  soon  found  that  irrigation  was  essential  to  successful  crop 
production  in  most  parts  of  the  region.  The  rate  of  irrigation  develop- 
ne.at  was  slow,  however,  because  of  difficult  construction  methods  and 
generally  low  -rop  values.  By  I9OO  most  of  the  readily  available  sources 
oi’  irrigation  water  had  been  developed  by  private  individuals  and  small 
irrigation  •ompa..'  s.  Shortly  after  the  turn  of  the  century  the  first  Fed- 
eral re  • lamn* io;.  projects  were  undertaken  in  the  region  and  these  have 
oeen  * •.<.  n . uei  -a’ound  which  today's  larger  farming  communities  and  trading 
centers  .n'lve  evolved.  There  are  now  numerous  Federal  projects  throughout 
the  region,  rrja.y  of  which  provide  stability  to  former  private  developments 
by  provi.-in,"  supple.me.ntal  water  and  eliminating  water  supply  shortages  dur- 
ing periods  of  deficient  streamflows. 

The  early  history  of  the  region  has  its  roots  in  the  mining  industry. 
As  has  already  oeen  .mentioned,  the  discovery  of  gold  and  other  precious 
metals  led  to  an  influx  of  prospectors  and  miners  and  the  establishment  of 
nu.merous  early  settlements.  Mining  activity  and  commercial  requirements 
of  the  booming  populations  associated  with  the  industry  attracted  the 
early  railroad  development.  iVen  the  construction  of  the  Union  Pacific 
was  partially  based  on  the  influences  of  gold  and  silver  discoveries  in 
California  and  Nevada  i.n  the  mid-l800's.  Similar  discoveries  in  the  Colo- 
rado Rockies  and  the  desperate  need  for  transportation  to  the  raining’:  camps 
Led  to  the  construction  of  a great  network  of  railroads,  mostly  narrow 
gage  to  cope  with  the  mountain  conditions.  These  in  turn  produced  a de- 
mand for  wood  for  railroad  ties  and  bridge  timbers  and  for  fuel . Coal 
replaced  wood  as  a domestic  and  industrial  fuel  sovu’ce  and  led  to  the 
coal  .mining  industries  of  Colorado,  Utah,  and  Wyoming'. 
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In  tile  late  iSOO's  and  early  1900's  the  growing  populations,  noth 
witiiin  the  region  and  in  the  adjacent  metropolitan  areas,  provided  an  ex- 
panding coal  market  for  heating  and  industrial  uses.  For  a time  coal  pro- 
duction was  of  major  economic  importance.  After  World  War  II  the  substi- 
tution of  gas  for  coal  as  a fuel  and  the  adoption  of  diesel  power  on  the 
railroads  .-aused  a major  decline  in  coal  mining.  Towns  such  as  Rock 
Springs  in  Wyoming,  Price  and  nearby  mining  towns  in  Utah,  and  similar 
areas  scattered  through  the  Colorado  part  of  the  region  suffered  heavy 
economic  displacements  and  loss  of  employment  that  led  to  distress  that 
only  now  is  beginning  to  moderate.  The  decline  in  coal  production  was 
precipitous  and  many  mines,  even  whole  camps  and  tow.ns,  were  closed  and 
abandoned.  The  trend  has  been  reversed  in  recent  years  as  demands  in- 
ci-ease  for  coal  for  the  generation  of  thermoelectric  power.  Coarl.ng  de- 
mands for  electric  power  have  recently  led  to  the  development  of  strip- 
mining techniques  and  the  construction  of  mine- mouth  powerplants.  These 
have  resulted  in  increased  coal  production  but  with  only  little  recovery 
of  coal  mining  employment. 

Mining  of  molybdenum  in  western  Colorado  was  started  during  World 
War  I.  Pi’oduction  grew  rapidly  and  now  about  half  of  the  free  world's 
production  is  obtained  from  the  area. 

Uranium- vanadium  deposits  have  been  mined  sporadically  since  about 
the  turn  of  the  century.  Exploration  and  mining  uoomed  during  and  fol- 
lowing World  War  II  with  the  development  of  atomic  fission  and  the  de- 
mands for  atomic  energy.  At  that  time  the  Government  was  essentially 
the  only  customer,  and  exploration  and  production  were  slowed  when  sup- 
plies exceeded  the  demands.  Since  19o5  a new  boom  has  been  taking  place 
to  meet  the  needs  of  power  producers  who  have  been  ordering  increasing 
numbers  of  nuclear- fueled  generators.  While  surface  outcroppiiigs  were 
well  explored  in  the  earlier  boom,  extensive  drilling  is  now  being  under- 
taken by  larger  companies.  Radioactive  mineral  deposits  in  the  region 
are  among  the  greatest  know;i  in  the  world  today. 

Production  of  oil  and  gas  in  the  region  dates  from  the  early  19UO's. 
Petroleum  booms  came  with  the  discovery  of  the  Rangely  field  in  western 
Colorado  in  the  1940 's  and  the  Greater  Aneth  field  in  southeaster.n  Utah 
in  the  late  1950 's.  Activity  in  exploration  has  tapered  off  in  recent 
years  with  the  tlrilling  of  many  \msuccessful  wildcat  wells. 

Timber  harvesting  began  with  the  early  settlers  who  produced  lum'ner 
foi'  home  and  business  construction,  rail  ties,  mine  pi'ops , fuel  wood, 
and  poles.  During  the  period  1868-1905  several  million  railroad  ties 
were  cut  for  the  Union  Pacific  Railroad.  The  accessibility  ai.d  abundance 
of  this  forest  product  were  major  factors  in  the  completion  of  the  tiviris- 
continentai  railroad  and  its  subsc-iuent  expansion  to  the  early  scttic- 
meiits  of  trie  ret'ion.  In  recent  years,  with  new  methods  of  ut i li .-.at  ion 
^tnd  processing,  uses  for  the  local  timber  resoiu’ces  iiavc  ucen  greatly 
expanded  and  tlmiier  tins  become  of  majo:'  i.mpoi’tance  to  the  local  economy. 
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The  wood  is  now  used  in  the  raunu faetiire  of  a variety  of  products  such  as 
pL;ywood,  KOuldings,  specialty  paneling,  treated  posts  and  poles,  excel- 
sior, boxes,  pulp  chips,  and  matches. 

Impetus  to  hydroelectric  power  generation  v?as  given  by  the  mineral 
industry.  The  first  hydroelectric  development  was  at  Aspen,  Colorado, 
in  1885.  In  1891  the  Ames  Plant,  located  in  the  upper  portio.n  of  the 
Dolores  drainage  in  Colorado,  was  among  the  first  hydroelectric  planus 
to  transmit  alternating  current  at  high  voltage.  As  the  region  oecame 
settled  and  the  need  for  electricity  grew,  several  small  hydroelecti-ic 
plants  were  built.  As  of  December  19o5j  Do  of  these  siiiall  pla-nts,  with 
a total  installed  capacity  of  about  76,000  kilowatts,  were  operating  in 
the  region. 

It  was  not  until  the  1950 's  that  steam- electric  power  productio:,  had 
significant  growth.  In  1950  only  six  small  steam- electric  plants  with  an 
installed  capacity  of  about  56,000  kilowatts  were  operated  by  utilities. 

3y  i960  five  additional  steam- electric  plants  had  been  built,  bringing 
the  capacity  to  about  400,000  kilowatts.  In  the  5 yeai-s  preceding  Decem- 
ber 1965,  the  installed  capacity  was  increased  by  235  percent  to  l,335jOOO 
kilowatts  as  lai'ge  steam- electi’ic  units  were  built  at  the  Four  Corners 
(New  Mexico),  Hayden  (Colorado),  and  Raughton  (Vv'yoming)  plants.  These 
plants  were  located  primarily  to  take  advantage  of  the  availability  of 
low-cost  coal.  Most  of  their  output  is  exported  to  load  centers  outside 
the  region. 

It  was  also  in  the  1950 's  that  the  Colorado  River  Storage  Project  and 
Participating  Pi’ojects  were  authcrixed  by  the  Congress.  Primarily  for  wa- 
ter conservation,  the  development  was  aided  financially  by  tiie  addition 
of  hydroelectric  pov/er  generating  units  at  several  reservoirs  constructed 
'under  the  authorization.  3y  December  19o5..  320,500  kilowatts  of  generat- 
ing capacity  had  been  installed  at  the  Glen  Canyon  and  Flamint;  Gorge  Power- 
plants.  By  December  1968  the'  capacity  had  reached  1,128,000  kilowatts 
with  the  addition  of  capacity  at  the  Glen  Canyon  Povrcrplant  and  installa- 
tion of  the  Blue  Mesa  and  Fontenelle  Powerplaiit s . The  Glen  Canyon,  Fla:;;- 

ing  Gorge,  and  Blue  Mesa  Plants  are  parts  of  tiie  Colorado  River  Storage 
Project  in  Arizona,  Utah,  and  Colorado,  respect ivc-ly,  while  the  Fontenelle 
Plant  is  part  of  the  Seedskadee  Participating  Ih'ojoct  in  Wyoming.  1963 
plants  of  the  storage  project  and  participating:  projects  comprised  about 
93  percent  of  the  total  hydroelectric  power  capacity  then  operating:  in  the 
region.  At  the  present  time  most  of  the  power  generated  at  federally 
owned  plants  is  exported  from  the  region.  T!:ese  exports  will  continue 
until  load  gi’owth  in  the  region  itsel  f makes  power  generated  there  salc.bli,  . 

The  region  has  attracted  many  nonresidents  to  ergoy  hunt  in;-,  fio!.i;ig', 
and  other  recreational  opportunities.  Tlicrc  viriitors  have  Muie  a iiiij.oi- 
contribution  to  the  regrion's  economy. 
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CLimutc' 

The  •-•lin-'te  in  the  Upper  Colorado  Region  in  .:eninrld  to  ui-id  ;ma  con- 
sioto  renei-'tily  cd‘  four  oeneone.  Wide  variutlunu  in  prec ipitat  1 r. , ter;- 
pernture ■ nnu  wind  movement  result  prirmrily  from  viried  topography  and  to 
a lesser  extent  from  the  rather  vide  range  in  latitude. 

Average  amiuai  precipitatlo.n  rasiges  fro.m  less  than  6 In.-hes  i.n  the 
lowest  valleys  to  more  than  inches  in  the  higher  niountains  while  that, 
in  most  valleys  and  agricultural  areas  varies  frot.  I'o  to  20  inches  a 
(fee  .map  following  page  lA  Precipitation  from  late  Octooer  througn 

mid-April  consists  primarily  of  snow,  particularly  at  iiigiier  elevations. 
Gnow  accumulations  occasionally  e.xceed  100  inches  at  the  higher  elevations 
and  do  not  completely  .melt  'until  late  summer. 

Temperat'ures  vary  widely  with  extremes  bei.ng  recorded  from  -o0°  F.  '-.t 
Taylor  Park.  Colorado,  to  115“  F.  at  Lees  Ferry,  Ariso.na.  Mean  moi.uhiy 
temperatures  are  lo'west  in  January  and  highest  in  July  and  generally  show 
about  50“  F-  seasonal  difference.  The  average  frost- free  period  or  con- 
secutive period  with  te.mperatures  above  32“  F.  varies  fro.m  20  days  or  less 
at  elevations  above  8,500  feet  to  more  than  180  days  at  elevations  below 
5,000  feet.  The  growing  season  is  slightly  lotjger  than  the  frost- I'rc-e 
period  for  the  grass  and  alfalfa  crops  whlc.h  predorai.nate  o.i  the  nigher 
elevation  Lands. 

Winds  over  the  region  move  generally  from  west  to  east,  but  the  wind 
moveme.nt  is  greatly  modified  by  local  topograph ical  influences.  Avei'age 
a.nnual  wind  velocity  varies  from  about  8 to  Li*  mlies  an  hour  while  stroi;g 
winds  associated  with  local  thunderstorms  have  reached  velocities  of  8o 
to  90  mi les  per  hour . 

Annual  evtiporation  iT'om  lakes  and  I'e-seri'-oirs  is  estimated  to  r.a'i^a- 
fro.m  Less  than  yO  indies  at  iiigher  elevations  to  about  60  indies  in  ti.e 
lower  valleys. 

Geology  and  Topograpiiy 

The  region  is  eompriscd  oi’  highly  dissected  mountainous  plateaus, 
typified  by  deep  canyons,  river  valleys,  rolling  ridges,  .and  Ida* -topped 
mesas.  It  is  rimmed  on  the  ea;d. , nort..h . 'ind  wes*  by  high  moui.t  a;  ns . dl< - 
vat  ion  varies  from  3 <1-00  feet  at  Lee  Ferry.  A.ricona.  to  moia.'  tlian  ■.'■ 

feet  at,  some  of  the  liighor  mountain  peaks. 

The  Color.ado  Rocky  Mountains-- '.ncLudine'  t.iH  f.';:,  ,Tuai.  Mountaii.s.  on 
t ne  south  end  of  t)ie  regior.--ai'e  iniiresc  1 ve  from  bot  h a I'.ci-i;'.  ■ atui  ,a-  - 
logic  v.i'-'Vpoiiit , as  are  m'ti.y  otiier  mounl'iin  I'.'inges,  in  die  regie;.. 

I'parseiy  veget'iteci  plains  i i-iceieminate  at  io’wcr  elevii  ions.  ..-.aese  8.  "■ 
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Panoramic  view  of  cttriyonlands  cut  by  Colorado  River. 

The  Green  River  Suuregion  is  underlain  ;nostiy  ay  Sedimentary  j-i 
of  the  Tertiary  and  Mesozoic  ages.  These  2-ook.-  contain  vast  i;  ■ 

joai,  oil,  and  oil  siiale.  The  topogi-aphy  of  the  Gi-een  River  Cnej-erio:. . 
except  in  the  Uinta  Mountains,  is  more  gentle  than  liiai  f the  Uppei'  M'-in 
Dtem  and  Coin  Juan- Coloi-ado  Suoreglon.  Rolling  plains  with  shallow  sti-e-c:. 
valleys  are  the  rule. 

In  hundi’eds  oi’  S'^uare  miles  of  the  region  thei-e  is  no  soil  cover  and 
uare  sandstone  and  shale  are  i-xpored  to  the  elements.  AssoL-iatoo  w i a 
tile  out  'rops  ai-e  large  acreages  of  shallow  soils  that  are  less  Iha:,  a f--  -t 
deep.  Shallow  soils  are  extensive  at  lowei'  elevations  nut  arc  seveJ'-al 
feet  deep  along  stream  valley.',  on  old  pediment  curl’aces.  and  on  ajilands. 
mantled  ny  wind-deposited  or  loesclal  soils. 

Reiaiurces 

The  arid  lar.d  rt-.'  vui*  -e.!  01’  ti.v.  region  ■ir\  d . .'sas.'-ed  in  t!.*.-  1- 

I ' ;w  i ng  paragi"ipiis  . 
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Watt-i' 


IlL'WIXi 


a major  r.ourro 


■ iOf  a:'  vai-Iat  ; anti  i;.  pror  i]' itat  Loi. . roam  I' Lowe  I’i  artu.at.L'  vidoly 
->>  yi'.r  a.’ui  roaso::  to  ooaroh.  "Oi’  the  1.  periOvi  uiniep  1 etei'i 

*a:  aa'.'a  . oe:.  irnated.  at  an  avorajjo  of  about  ib  rr.NLior;  uore- 
a u*  ;,oe  ia-ri'y . ti.o  divi.iiii,-'  point  oetwoen  the  Uppi.‘r  and  Lower 
iover  h-iuin.-  with  a raii^'e  ot’  I'roiii  about  ,'k  mil.Lion  a.-re-J'eei  in 
;anit  • ?iiLlicn  aero- I'eel  in  L-'iit.  About  pera'ont  ^-t'  'he  annual 
.a, in'  dai-'.  !u'  the  April  to  July  nno'wmelt  Pc-riod.  After  tile  niiow- 
awr  rajddly  and  remain  at  relative!  v low  aar-i'  flowa;  the 
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N'eltiri(7  snow  I'rom  hl^h  movuitain 
Anthracite  Creek  in  Coloi’ado 


i->:tenGive  ground  water  reservoirs  are  located  in  consoL  idal  ed  roe-KS 
and  alluvium  tliroughout  the  region.  The  gi-ound  wn  en  Ir.  ideiaa  .a‘ec, 
with  citrface  runoff.  Dm’lng  pei'iods  of  hi;:;,  r inof f W'ter  r.eve:  :'r  •.  tin. 

stream  chatmeLs  into  ad.Jaeant.  aauifers  ‘a-  gi’ound  w.atew  ■ .'  r 
vei'seLy,  during  low  flow  pt.-rlodr,  (;,ia.’un(i  water  la-i  *'  r' re' 'liaii.at  , 

and  augments  th.e  strearr.lTow.  Aithougli  largo  luruil  It  i ■ d'  ,'t’'  .j.d  wa-ii' 
underlie  the  region,  development  li'ac  ; een  Limiled  to  ■■■  o-.t  > ■.  , • ■[•!  - 

feet  ■i  ye‘;r  'under  Iy65  condit  Lons.  Most  i-U’  the  grcmm  •water  w' tl.ai'U'w;:  I 
used  I'or  municipal  and  i.udusti'Ial  p-rrynasor. 


In  addition  to  state  law's  whi.'h  provide  foj'  intr.astnti 
water,  use  of  water  in  the  Colorado  Rivoi-  system  Is  governed 
by  tluree  document c- - 1, lie  Colorado  Rive'r  Compact  r.lgnea  in  I'd: 
_'an  Water  Treaty  signed  in  and  t.he  Upi'er  Colorado  Rivei 

;>a 't  signed  in  19^8. 


oiitr 


Ainutit'  't::er  pj’ovi  s icins  . the  C<.)loi’;idi.)  Hlver 
1 ■ MpV'r  'uid  liOwcr  Colorado  River  har,  i:.c  ir 
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River  system  per  annum.  It  further  establishes  the  obligation  of  Colo- 
rado, New  Mexico,  Utali,  and  Wyoming,  designated  States  of  the  uppei-  divi- 
sion, not  to  cause  the  flow  of  the  river  at  Lee  Ferry  to  be  depleted 
below  an  aggregate  of  75  million  acre- feet  for  any  period  of  10  consecu- 
tive years. 

The  Mexican  Water  Treaty  defines  the  riglits  of  Mexico  to  the  use 
of  water  from  the  Colorado  River  system.  It  guarantees  the  delivery  of 
1,500,000  acre-l'eot  of  Colorado  River  water  annually  from  the  United 
States  to  Mexico. 

By  the  Upper  Colorado  River  Basin  Compact  the  use  of  water  appor- 
tioned to  the  Upper  Basin  is  divided  among  the  Upper  Basin  States  and 
principles  are  established  to  govern  deliveries  of  water  to  meet  the 
Lee  Ferry  flow  obligations.  By  the  compact,  Arizona  is  granted  the  con- 
sumptive use  of  5Uj000  acre- feet  of  water  a year  and  tlie  other  States 
are  each  apportioned  a percentage  of  the  remaining  consumptive  use  as  fol- 
lows: Colorado  51-75  percent.  New  Mexico  11.25  percent,  Utah  23  percent, 

and  Wyoming  1^  percent. 

The  'luality  of  surface  water  generally  is  very  good  in  the  Upper 
Colorado  Region  and  except  in  a few  areas  is  satisfactory  foi'  irrigation. 
Livestock  watering,  recreation,  and  for  municipal  and  industrial  pi.irposes. 
The  average  concentration  of  dissolved  solids  is  generally  less  than  100 
mg./l.  in  streams  near  the  mountains.  The  weighted  average  concentration 
does  not  exceed  500  mg./l.  in  most  mixin  streams  and  their  pi'inc ipal.  trib- 
utaries except  in  come  lower  reaches  where  concentrations  occasionally  !n:iy 
be  as  high  as  3 >000  mg.  /'l.  Water  in  the  lower  reaches  of  the  main  strcicns 
is  classified  as  very  hai-d.  Tlie  ijuaiity  of  groinid  water  v.'U’ics  widely  but 
overall  it  is  not  as  good  as  that  of  the  surface  water. 


uf  K;G1oh 


A I'eservoir  upctre.-un  i-etrul  ates  t;trea:;;l'Low  and  pi’ovides 
jlear  water  ol'  cxee Lient  iuaiity  I’or  dowuetiva;;.  ane. 


Gurpeiuied.  bcailrneiit,  .'■J.’iaeati’at  ions  and  loads  vary  wiiii  iy  l 
the  ret^ion.  The  sediment  LiXad  is  riOi-iii;iiiy  Lipiit  in  the  ui'pei-  n.  as'r.t  e oi' 
tiie  raajoi’  strea;.'is  a. it  in.'iaa.ses  in  the  .’aiddie  anti  iowi/i-  reasi.i  : . ,'edi- 
raent  eoin-ent  rat  ’ ::ns  iiave  i.ist.iri  'aiLy  seen  <iet  r iiaent  .a  1.  !t>  .-o.nsuiai't  i . e 
uses  ol'  W'.ter  as  weli  as  sold  wat  ei’  I'i  nil' a’ies  aiui  lavi'eat  i a..  Ih’Ior 
to  the  .■onst motion  oi'  Citloi-ada-  ial'.aa-  .'torape  ITa.-.'eot  reservoirs,  ttu 
average  annnaL  s ispendi-d  see. '.;':en'  'neen;  r 1 1 i > m 'aea.snren  on  a : onj--toi'". 
nasis  was  ano a:  • , 'o  j.i.',.  •:  .i-i.-s  i^’erry.  . irre  the  oiosui'e  v'l'  d;en 
■ ’anyon  r>n:,..  'iveraf'c  ■■:,na.  we  i, ‘•onee:.!  I'a'  ' 'hs  at  Loia'.  Kerry  is-.ve 
been  reilnoeii  to  ics;,  t;ian  = r.t  . 
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DEa:RIPI'ICN  OF  EiiGI..; 


Cleaj:’  water  being  released  from  Glen  Canyon  Dam. 

Biological  quality  of  S'.a’faoe  water,  characterised  by  niitrients, 
dissolved  oxygen,  ;uid  bacteria  concentrations , is  considered  very  good, 
except  for  some  localised  problems.  Drainage  from  abandoned  and  active 
mines  is  estimated  to  eli.minate  some  120  miles  of  stream  1‘isheries. 

Land 

The  Upper  Colorado  Region  includes  ,■-•,039,000  aci’e;.  of  whi-T.  f':.  ,0i' 

acres  are  land  areas  and  405,000  acres  are  water  bociles  of  ;riore  than  40 
acres.  Cf  the  79.934,000  acres  of  land,  approximately  2,225,000  acres  arc 
cropped,  23,9^37.000  acres  are  in  forests  and  woodlands,  and  the  remain li:q' 
4o. 099, 000  acres  are  in  grass  and  browse  rangelands,  carreii  areas,  and 
urban  and  built-up  areas.  Of  the  cropped  land  l,o29,00C  acres  are  iri-i- 
gated  rind  603.000  acres  are  dry  cropland.  The  areas  of  alpine  mountain 
peaks  and  barren  and  inaccessible  land  are  extensive  while  the  '.a’Lru: 
and  built-up  areas  constitute  less  than  ! percent  of  the  ra^-ea. 

Nearly  two-ttiirds  of  tnc  land  area  is  in  pucii.’  owncrsaip  undci’  P\\:- 
er'i . and  date  a.lm,inist  rat  ion.  Tt;e  I'emalnder  ic  p"c  l vo  e !..y  owneci,  with 
sligiit.Ly  more  than  half  of  this  in  ownership  li.y  corpoi-at  icns  raid 
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outdoor  i-e.Tcut  io:: , ! 
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us  the  site  :'or  laci-. 


•ddition 
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ar:a  au  exp^'-udi:;;'  I'oJ’Pst  pi’Otiurts 
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sign:  :‘ira;:tly  to  the  regioaa 
tloual  use,  raticniug  operation; 
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Extensive  outdoor  i-ecreational  use  is  made  of  both  public  and  pri- 
vate Lands  year-round.  Recreational  areas  available  to  the  public  in- 
clude the  national  forests,  national  parks  and  mojiuinents , wilderness  or 
primitive  areas,  atid  public  domain  lands  as  well  as  many  state,  local, 
and  private  developments. 


The  People 

The  Upper  Colorado  Region  is  sparsely  populated.  In  1965  the  popu- 
lation of  the  economic  subregions  was  about  337jUOO  and  the  average  den- 
sity was  about  three  persons  per  square  mile  compared  with  a national 
average  of  6h. 

On  the  basis  of  estimates  for  1965  only  two  communities  of  the  re- 
gion have  populations  of  more  than  20 , OOu- - Grand  Junction,  Colorado,  with 
22,h0(j  and  Farmington,  New  Mexico,  with  21,000.  The  next  Largest  towns 
are  Durango,  Colorado,  with  a population  of  11,200  and  Rock  Springs,  Wyo- 
ming, with  10,300.  All  of  the  other  communities  have  populations  of  less 
than  10,000.  Only  about  37  percent  of  the  residents  live  in  towns  with 
populations  of  more  than  2,500  inliabltants  and  the  remainder  are  in  ruraJ. 
areas . 

In  i960  males  outnumbered  females  in  every  age  group  except  20  to  39- 
Forty-eight  percent  of  the  people  were  age  20  to  64.  At  the  extremes  of 
the  range  were  44  percent  of  the  population  under  I9  years  of  age  with  8 
percent  of  the  population  65  and  older. 

Mucational  attainment  of  the  people  age  25  and  over  compared  quite 
favorably  with  that  of  their  counterparts  in  the  Nation  at  large.  In  each 
subregion  for  both  1950  and  i960  the  median  number  of  school  years  com- 
pleted by  both  males  and  females  exceeded  the  national  levels  of  accom- 
plishment . 

Approximately  69>000  Apache,  Navajo,  and  Ute  Indians  reside  in  the 
region. 
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This  part  sumir.arizes  the  I965  base  year  level  of  water  and  related 
land  utilization,  management,  and  development.  The  principal  uses  of  wa- 
ter and  land  are  presented  and  the  major  economic  activity  discussed. 

The  agricultural  base  in  the  region  is  primarily  a cow-calf  and  sheep 
enteiTDrise  utilizing  1.5  million  acres  of  irrigated  and  dryland  feed  crops 
and  60  million  acres  of  Federal  and  private  grazing  land.  Also  marketed  are 
cash  crops  from  50,000  acres,  such  as  fruit,  sugar  beets,  Moravian  malting 
barley,  and  vegetables.  Dry  beans  and  wheat  are  also  grown  as  cash  crops 
on  301,000  acres  of  both  dry  and  irrigated  farms.  Presently  124,000  acres 
of  irrigated  land  are  idle  and  185,000  acres  of  dry  cropland  are  not 
cropped  annually. 

Industrial  development  in  the  basin  represents  a substantial  part  of 
local  economic  activity.  Remote  location,  limited  supply  of  labor,  and 
unavailability  of  capital  resources  have  affected  growth.  Petroleum,  mo- 
lybdenum, coal,  uranium,  and  trona  dominate  present  production  and  value 
in  the  mineral  industry.  The  rm.al- elec  trie  power  generation  utilizing  lo- 
cal coal  resources  has  an  installed  capacity  of  1,335  megawatts.  Timber 
products  harvested  in  I965  amounted  to  53  m.illion  cubic  feet,  of  which 
about  half,  O';’  3H  million  board  feet,  was  sawtimber. 

The  region  is  part  of  one  of  America's  outstanding  recreation  and 
tourist  areas  in  a quality  environm.ent  setting.  Abundant  fishing  and 
hunti.ng  exist  for  both  residents  and  nonresidents. 

Main-stem  storage  development  provides  33  million  acre-feet  of  stor- 
age regulation  to  .meet  outflow  requirements  from  the  region  and  allow 
for  regional  development.  These  facilities  include  1,300  megawatts  of  in- 
stalled capacity  for  hydroelectric  power  and  have  a large  potential  I'or 
water-based  recrea*-lor.. 


I ‘>^5  Uater  i'evelopment 

The  total  ’.va^er'  suinlv,  wh.ich  assumes  no  depletion  by  man's  activi- 
*^ies,  avera.'es  l4.-i  millio:;  acr-e-feet  annually  based  upon  the  period 
I91I-65.  c.-si':e  de’  If" ion  and  evapor-ation  from  rcsei-^roirs  on  t.'ne  main 
s^em  of  ‘■'■10  'olor-iJo  iver  for  lorg-'erm  average  or  normalized  co:.ditions 
were  3.4-;  md.llior;  acre-f'"’’ . The  char*  following  p>age  24  dejiic*  s the 
llt'h  .’’.oicr.rLli  ’.-'d  t'lo’W  a:.d  derle‘‘ions.  Tables  1 and  page  24,  shew  a 
b reakdo'wr.  of  ‘i;e  derlf’ ‘ ion.  by  subregior.  and  states  for  the  various  uses. 
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viuality  of  water  at  the  upiper  reaches  near  mountain  divides  is  ex- 
cellent; downstretun  the  quality  is  de^^raded  as  the  result  of  hydrologic, 
geologic,  and  man-made  influences.  The  average  total  dissolved  solids  of 
the  Colorado  Rivei'  at  Lees  Ferry,  Arizona,  was  586  parts  per  million  for 
19^1  to  1966,  adjusted  to  present  conditions  of  development. 

Some  pi'oblems  occur  because  of  existing  wateiborne  diseases,  impi-opei- 
treatment  of  water  and  solid  waste,  i-adiological  ha.cards,  mosquitoes,  and 
ail-  pollution. 

Flood  control  measures  in  operation  consisted  of  flood  control  stor- 
age of  about  1.2  million  acre- feet  and  multiple-use  land  treatment  mea- 
sures on  1.8  million  acres  of  watershed  area.  Substantial  additional  beiv- 
ficial  effects  accrue  from  other  reservoirs  not  operated  specifically  for- 
flood  control. 


l'K)5  Land  Ownership  and  Use 

About  two-thirds  of  the  land  was  owned  or  administered  by  P'ederal  and 
state  governments,  as  illustrated  by  the  chart  entitled  "Land  Ownership 
and  Administrative  Status,  I965." 

There  are  72.6  million  acres,  or  113,^96  square  miles,  in  the  region. 
I'fultiple  land  use  in  1965,  with  concurrent  uses  on  some  land,  was  as  fol- 
lows . 


Multiple  land  uses--l,000  acres 


Cropland  and  pasture 
[ rrigated 
Dry 

1,622 

603 

Wilde j-ness,  natural, 
I'.istoric,  and  cultural 

2,636 

Livestock  grazing 

60,41+2 

Developed  mineral 
production 

37 

Timber  pi-oductionl/ 

9,419 

Developed  fish  and 
wildlife 

290 

Urban  and  industrial 

331 

Military 

114 

Ti-ansportation  and 
utilities 

598 

Classified  waterstieds 

258 

Developed  recrea''on 

71 

Water  area  (40  acres  o)'  more) 

405 

Economic  subrei'-.ions--ot.hcr  figures  liydrologlc  subregions . 


LAND  OWNERSHIP  AND 
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UPPER  COLORADO  REGION 


OTHER  FEDERAL  2 


1 ve 


lUiJoi!  IGCl  W’l'  V 


niill  io 


par;  III 


PR?:. .p:at''p 


I'opula’-io;. 

The  ectimated  populatio!;  I'oi:'  19^5  was  ■'3'’. 000  (for  the  ecor.o.viic  sui- 
’•e.-'io!is . Population  ci;an;^ec  by  economic  sutre;’'io:;s  fT'Or:  10^0  to  1'*  5 
ai’e  indicated  below.  'Ilius  the  pot:ula*  ion  incj'eased  4 porcei.t  fj-oi.-.  1 '‘.t  . 
to  19<-/5  but  fi'o.n  i960  *0  1065  deci'eased  slie’Ply  less  t}':a;.  1 pence:  ‘ . 

:'he  overall  i'rov.'*h  rate  from  19^0  to  1995  was  abou+  half  ‘.ho  .natio.’.al 
rate  and  .-ibout  a fifth  of  the  rate  for  t};e  11  westei';.  s'ates.  Pne  popula- 
tion ‘■rends  vary  v;idely  by  subregions.  in  tlie  ;reen  River  ■■:co:.0!r!ic  :'ub- 
regior.  the  population  was  about  the  same  in  19r0  as  in  19^0,  follov;i:.g  a:, 
increase  from  19^0  to  1950  ai.d  then  a decline  from  1950  to  191  Popul:i- 
tior.  ir,  the  Upper  l-'ain  Stem  liconomic  .'ubregio;;  nas  :u’ended  steadily  upwa:'.i 
from  19^0  to  1965.  in  the  San  -'uan-Coloraao  economic  .'ubregio:.  popula:  i ’ 
declined  slightly  from  19^0  to  1950  and  then  spurted  up  7^  perce.’.t  1‘ro:- 
1950  to  i960.  There  v;as  a slight  decline  from  i960  to  I965. 

Population 


Economic 

Subref-^iori/ 

Yeai' 

1940 

1950 

i960 

1965  ms‘  .' 

Gi-een  Rivei' 

103,199 

110,4o0 

10: ’,917 

100,579 

Upper  Main  Stem 

105,099 

109,060 

128.079 

136,725 

fan  Juan- Colorado 

63,237 

61,634 

107,045 

-■',625 

Total 

271,535 

2'1,15'‘ 

33--.0V1 

33-,  92''' 

1 The  population  foi'  l't'5  was  3'"  ^029  in  the  hydrologic  region. 


ElTfplO;yTTiei'it 

Hie  regional  employment  in  1965  totaled  111,390,  or  33- i percei of 
tlie  population,  as  compared  with  emploT,C!’.ent  totals  of  '7g,lSl,  95., IV.  a’.'.u 
111,642  recorded  in  the  census  years  1940,  1950,  ar.d  I90O,  respectivel;. 
(Table  3^.  Wiile  thei-e  was  relatively  little  c!;ange  in  the  to'al  oinplo; - 
ment  over  the  I96O-65  pei'iod,  many  of  tlie  individual  industries  dui'ir.g  the 
period  experienced  significant  shifts  in  tlieir  relative  positions.  :ov- 
ernment,  services,  trade,  and  finance-insurar.ce-real  estate  had  subs', an- 
tlal  increases  in  their  percentage  sliare  of  t’ne  region's  total  employnnerV 
Nominal  increases  or  declines  were  exi'erienced  by  t!ie  reinaiitlrig  Indus',  ry 
categories. 

AltS.oUfdi  t}ie  region  is  historically  an  agricultural  ai.d  mliVu.g  :irea. 
by  19t'5  '■vholesale  and  re ‘ail  trade,  .services,  public  ulili'irs,  •mV.  rov- 
eiTiine:.!  accout.ted  foi'  over  h.-ilf  ‘h.e  tot -il  emploj,":r.c' V' . 

Agricul'-urml  ir.dustr;.-  em]''lo.\T'.e;g  dropped  from  3.".  p,'!-c."g  of  ‘ 'lO 

total  in  l';'>40  ‘ o 11.5  percei. t in  19e’5, ; cir.ari  ly  V.uo  ‘ 0 ei.ormous  i .’.ci'.'a.S'  s 
in  efficiency  ftirou.g/i  I'arm  co;. solidv  ions,  mech’ini'.'.a't'ioi.,  anu  o*!.o:'  •c  ':- 
iiological  ir:no'v'ations . 
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Table  3 - Population,  einpioymerit , anu  pai'tic  ipatlon 

rate,  -r^O-1965 
Upper  Colorado  Region 


I9IO 

1950 

1 ,-t' 

19o5 

Population 

271,535 

281,151 

338,011 

330,929 

Total  employment 

79,181 

95,717 

111,612 

111,390 

Participation  rate  (employment/ 

population ) 

0.292 

O.3I0 

0.330 

0.331 

Employment 

Agriculture,  forestry,  and  fisheries 

by  Industry 

30,280 

26,832 

15,679 

12,793 

Mining 

10,399 

12,956 

15,735 

13,195 

Contract  construction 

1,097 

6,l9o 

9,560 

7,795 

Manufacturing 

Food  and  kindred  products 

767 

890 

l,18l 

1,182 

Lumber  and  wood  products 

800 

1,100 

1,318 

1,970 

Printing  and  publishing 

I39 

63 1 

928 

821 

Other  and  miscellaneous 

1,132 

1,315 

2,366 

1,887 

Transportation,  communication,  and 

other  public  utilities 

5,718 

9,588 

',926 

■,8S1 

^fnolesale  and  retail  trade 

9,9l9 

11,907 

21 ,375 

22 , d3 1 

Finance,  insurance,  and  real 

estate 

851 

1,151 

2,813 

3,21o 

Services 

Lodging  and  personal 

2,627 

3,358 

1,736 

5,71-' 

Business  and  repair 

1,591 

2,590 

2,700 

2 ,000 

Entertainment  and  recreation 

565 

759 

689 

1,500 

Pi'ivate  hou.'eholds 

1,693 

1,377 

2,313 

2.338 

Medical,  educational^  and  other 

professional  services 

5,305 

7 , o27 

ll,L-'8 

lo,o5o 

Government 

2 ,6o5 

0,8-, 1 

) ,5 

o,5l0 
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.'■'i.ni.’V'  emploiTner.*-  increased  2 percent  annually  until  I960,  princi- 
pally due  to  iiiCreased  oil,  ras,  and  uranimn  activity.  ilie  last  5 years 
employjr.ent  decreased  because  of  iricreased  productivity  pei'  rnan-nour  and 
ges'.eral  curt:ailrTient  of  uranium  operations. 

A suri>risinji  percentat’e  of  the  total  employment  is  the  wholesale  and 
retail  trade;  howevei',  the  increased  emploicnent  is  due  priiriarily  to  the 
large  number  of  part-time  and  family  workers  employed  by  trade  establish- 
ments. The  j’elative  impoi'tance  of  services  has  increased  persistently  at 
the  annual  rate  of  3-6  percent. 

Personal  income 

Personal  inco.me  represents  a composite  of  all  wage  and  salary  pay- 
ments, proprietors'  income,  property  income,  and  transfei-  payments  re- 
ceived by  residents  of  an  area  during  a specific  time  period,  com.puted 
prior  to  the  deductior.  of  income  and  other  direct  personal  taxes  but  af- 
ter deduction  of  individual  contributions  lo  government  retirement  and 
social  insurance  programs.  The  bulk  of  t'ne  perso.nal  income  received  is 
derived  from  the  sale  of  productive  services,  i.e.,  wage  and  salary  raj'- 
merits,  proprietors'  income,  and  property  income. 

Estimates  of  real  personal  income  (1965  dollars)  for  the  region,  both 
total  and  per  capita,  are  tabulated  below  for  selected  years  between  19*+0 
and  1965.  As  a whole,  total  personal  income  increased  from  approxim.ately 
.^260  million  in  194-0  to  about  $730  million  in  1965. 

Pei’sonal  income, 1940-65 
Upper  Colorado  Region 


Green 

River 

Subre.-'ion 

Upper 
Main  Stem 
Subregion 

San  Gua.'.- 

Solorado 

Subre-'ion 

Uppe  r 
’olorado 
Rerion 

1 •40 

Total  ($1,000) 
Per  capita 

104,l46 

1,007 

108,627 

1,027 

4;,6o,’ 

750 

260, 375 
95v 

1950 

Total  ($1,000) 
Per  capita 

lu4 , 564 
1,484 

154,826 
1 ,419 

7o,o50 

39o , 040 
1,‘405 

l'>; ) 

Total  ($1,000) 
Per  capita 

192, 6 VI 

1 ,9.'’ 

230,787 

1,848 

181,70V 

1 ,4-'- 

605, '"55 

i.STO 

1 k.5 

Total  ($1,0^30) 
Per  ca:  i ‘ a 

213.104 

2,11'^ 

3 33,5.^' ■ 
',430 

183,  37. ■ 
1.841 

^ )o8 
,1'  ■ 

1 l‘k)5  dollars. 
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r’cr  1'J(j5,  per  capita  iuconi’.  i .-itP'ed  behird  t.-.e  na*  local  a'/ei-are 
ii.  all  but  four  couctier:  liir.sdale,  Katrl..: , a;.u  li-ki;., 

.’olox'ado.  Be  twee!'.  J.-)bO  and  19x.>5i  pex'  capita  ii.conie  i:.  I'i'ki;  , 

ar.d  tu!!drj.t  .'ountiec  e.Tperienced  T he  lar^ject  percen'ape  prow".,  i;.c '-eas i Cf/ 
by  7b  pei'ceiit,  t,_'  percei;' , and  on  perc'_ , respectl'/el y.  Inis  cirni fi.:a:.t 
gro'.rth  car.  be  attributed  to  the  ma.'or  developments  in  v.’intei'  I’ecreatio;. 
occuri'ing  in  the  area  betweei;  i960  and  I965.  Ooiivei'sely,  many  counties 
e.xp-'ei’iei.ced  a decline  in  per  capita  income  in  the  I96O-65  period. 

Indus  Ti-ial  acti\'lty 

The  present  ecor.o.my  of  the  dripei'  dolorado  Regio:i  is  iaj’gely  x’esource 
oi’iented.  This  orientatioi'.  is  iiot  restricted  entirely  to  agriculture, 
forestry,  and  .mining  but  i.ncludes  the  region's  recreational  endowment  a.nd 
the  associated  contribution  to  basic  income.  IndusTTrial  output  levels  of 
total  gross  output  by  manor  groups  are  shown  below  for  each  subregion. 


Total  gross  output  by  industi'y 
Uppei-  Coloi-ado  Region.  I965 
(Unit --.million  dollars) 


Ui'een 
River 
Sub  re 'ion 

Upper 
Main  Stem 
Sub  re  .'ion 

San  Juan- 
Colorado 
Sub  re.'ioi. 

Producing  industries 

Agriculture 

46.2 

57.4 

22.6 

I-’oresti-y 

2.3 

3.3 

2.8 

.Uini.ng 

2l4 . 2 

12:^. 2 

183.''^ 

Manui'ac  turi  ng 

18.8 

5'^6 

30.2 

iioncommodity-p  reducing 

industries 

259.2 

347.3 

254.5 

Total 

541 

5"7.^ 

.'.05,7 

In  1905  pri.mary  industries,  defined  as  atgricultui-e . foivst ly , a:;d 
minirig,  accounted  for  43  percent  i!i  t.;ie  .Ireen  River  . ubre.-'io.n,  31  nei-cen- 
in  the  Uppier  ''.air.  ..'tern  fubregio.n.  a:';d  4.  percer.t  of  to^'al  pi’ocessi sec- 
tor’ output  in  the  .''in  cuai.- ”oloi"ado  .'ubr'egion . ''he  muneral  industr’;.'  ovci'- 
shaaows  all  other  activity  a.moiTg  * iie  primary  ii.dusi.rles  it.  all  of  'he 
subre.gions . In  the  .Ian  .:uai.-  'dorado  .’ubrerion  88  pei’cerit  oi'  Pi’imary  !■- 
dustr'y  output  I’esults  from  mir;ei’als,  *':;(■  ,'ireen  Rivei’  dubre.-'icii  follo’rfs 
closely  'rfitli  82  percer.t.  a.nd  tpe  Uppe:'  ‘•lii!,  .Item  .'uiu’egi o:.  is  som.ew’ia'* 
lower',  'dth  mineral  ru’oduction  accounting  for  -abou',  two- ‘ ;;i r’c.s  of  pr-imai-y 
ir.  ius*r-y  outpu'- . 

Hie  mai.ufacUirin,--  industries.  ’ilTi-.ougn  l:.c  I’fisi i ;.  ' m;  o;”  a:..'e  ’ ■ 

‘ he  economi"  base,  r-epr’esen'  a st.all  rart  of  * onal  re.--io:.’il  ce  i • -i,'- 
■i'-'i';.  . t.  ’he  ■ pi'er’  Miin  ,'*e:r  manu fac  n I’i  nv  r-es'’n‘ s 1 i i !- .V 
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pRi;.;t,;:T  ttatut  op  ppitlopm-:;;. 


Value  added  foi'  seleCT^ed  r;;a.ior  industry  j^roups 
(L'nit--rrJ.Llion  dollars) 


Green 

River 

Subregion 

Upper 
.'■'ixiii  Stem 
Subregion 

San  Suan- 

Colorauo 

.lubre^ior. 

Producing  industries 
.^igricultui'e 

29.5 

32.0 

15.8 

Forestry 

2.0 

'^.9 

S.4 

/ 

Mini.ng 

101.3 

47.9 

72.3 

.'■Imu  f ac  tu  r i ng 

5.6 

19.5 

9.5 

honcommodity-pi'oducing 

industries 

92.6 

171.8 

111 . ; 

1 

f 

To  complete  the  measurement  oi’  regional  accounts  i:.  terms  of  broad 
categories  of  the  economy-,  the  gross  regional  product  -.vas  estimated  for 
1965  und  is  tabulated  below.  In  accordance  'with  methods  usea  for  es'i- 
mating  national  accounts,  gross  regional  pi'oduct  (ORP)  is  the  sira  of  four 
major  expenditure  components;  (l)  personal  consumptive  expenditures, 

(2)  goveriiment  purciiases  of  goods  aiid  services,  (3)  gross  priva'e  invest- 
ment, and  (4)  net  expoi-;  of  goods  and  services. 

di-ors  regional  oroduc  , 19^5. 

t'nper  Colorado  Region 
Unit- -million  dollar's 

ireen  River  .'ubregio!'.  35C.4 

Upper  liiin  Gtem  fub region  kv9.0 

fan  f uan-Colorado  Subregion  32 j . 

Region  1,1 4.  .3 

The  value  of  imports  for  each  subregion  is  as  follows;  'iceen  River 
Subregion  •■49';. 9 million.  Upper  Mai:.  Stem  Subregion  .•'3S-.  .'b  mllli.'-.,  -in.! 
the  far;  Suan-Colorado  S.ubregior.  .;’444.1  .mlllioi.. 
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R'V’Ol'KVK  A7AIIAB ILITY 


iter 


In  order  to  ascertain  the  anount  of  water  reir.ai ni ri;;  over  ai.d  above 
present  (1965)  uses,  reconstruction  of  present  .'tiodified  flows  was  accom- 
plished in  each  of  t}’.e  three  subreptions  for  the  study  peilod  1914  to 
1965,  the  pre.Tiise  beir.pt  that  the  general  hydrologic  conditions  of  tha* 
period  might  r’easoiiably  be  expected  to  reoccur  in  tiie  future. 

I'he  1914-o5  study  period  'was  selected  as  tiie  longest  pei-iod  foi- 
which  reliable  records  were  generally  available  in  the  region.  'Fhe  pro- 
cedure is  one  of  additig  to  the  historic  annual  flo’ws  at  the  outflow 
points  01'  each  subi'egion  past  annual  depletions,  tlie  result  beinp;  vir- 
gin or  u.ndepleted  annual  outflows.  Then,  assuming  that  all  present  uses 
were  i:.  effect  throughout  the  1914-o5  period,  the  present  (I965)  normal- 
ised use  in  the  subregion  was  deducted  from  the  virgin  flovf,  the  result 
being  the  present  (1965)  modified  flow.  In  each  subregio;.  the  studies 
i-e fleet  the  use  of  -waters  produced  locally  within  the  subregion.  In  ot;;er 
•words,  the  I'lows  of  the  ;reen  River  and  the  Colorado  River  at  th.eir  cor.- 
t’lue:;ce  are  not  considered  a local  inflow  to  the  fan  Cuan-  'olorado  .'ubre- 
nior..  The  data  fi-om  the  three  subregions  can  thus  be  summed  up  to  ascer- 
*ain  the  respec'ive  results  at  Lee  Ferry,  the  outlet  of  tlie  total  region. 
In  the  's‘‘udy  .no  attempt  has  been  made  to  account  for  changes  or  diffei- 
e;.ces  in  natural  losses,  sometimes  referred  to  as  "salvage.”  A conside*-- 
able  amoun'  ol‘  S'uch  salvage  water,  however,  is  accounted  for  ii;  ‘ h.e  com- 
putation of  reservoii-  losses  in  the  Main  ftem  reservoirs. 


V.'ater  supply  available  in  19'c5i 
■pper  Colorado  Region 
(Unit--1,000  acre- feet ) 


Ireen 
Ki  ve  r 
.'ub  region 

Uppei- 
Main  .Item 
Cubre  -:ion 

.'an  .'uaii- 
' 'olorado 
.'ubre  'ion 

tppe-!' 

'olorado 

l-;e!:io;. 

. 1 rri:.  r*  su 

pnly  a -l4-o5 

5 , -oO 

• 

. ■ , t'lX 

l4.f. 

Level  ot‘  Jeple* 

io:.s  ,1*1)5’! 

• i ‘ 

1 . Wf 

4lR 

. , 

Modified  flow 
voxclu  ii ma 
evai’Oi'a*  ij-. 

1 'I--'.  •- 

4,'.^  ■■ 

,4o<* 

1,  . H ■. 

!'aii en:  r 

Mo!'.  :ior:-al  i ■ 

voli-  o va:  01'  - 
••  i 1 - S' 

1 

_ _ 

bit 

. 4 

.-"cid'-ial  i'lc'w 

1 1 ■ 

n,-'.  1 

FAR'!' 


Ki'!.R  ■"  ih  'K  A'/A  , l.Ar  . i - V 


The  availability  of  this  -vater  for  future  use  is  limited  by  p;.ysical 
cor.ditions  iiicludinf;  th*e  availability  of  water  at  or  near  propose!  uses. 
Otliei-  cor.strai;  ' s include  iristitutional  I’e^tilatioriS  'wiilch  must  I'ecOfpnise 
conr.:ac’ s ar.d  'wa*-er  laws,  patten,s  of  use  whic'n  determine  t!ie  ex'..e;  ' of 
storage  regula"*  ior;  reauired,  and  econondc  considei'ations  and  in;pac*  3. 

The  niaxirriUir.  recoverable  gi'ound  water  in  the  upper  100  feet  is  es\i- 
ir.ated  at  1?  ndllion  acre-feet:  because  of  poor  permeabili ‘ y,  ar.  addi- 

tional 98  millior.  acre-feet  is  not  readily  available.  O.nly  130,000  aci'e- 
feet  was  pu.mped  in  I965.  Ecor.ondcs  and  water  quality  consideranior.s  may 
limit  large-scale  developments  in  t.he  future. 


hand 


All  of  the  72.6  million  aci'es  (including  water  surface  area'  ai’c 
presently  being  used  fo!’  one  or  more  punioses.  Lands  pi'esently  suitable 
and  available  for  development  under  the  multiple-use  concept  are  (l) 
grazing  lands  - 5L.6  million  acres;  (2)  commerci:uL  timber  production  - 
9. A million  acres;  (3)  1.6  million  irrigated  acres  present,  plus  7 rdl- 
lion  aci’es  potentially  irrigable  without  consideidng  water  developme.-'d  : 

(4'l  dry  cropland  - 603,000  acres;  (5)  sufficient  amounts,  although  no' 
fully  inventoried,  for  wilderness,  primitive,  outstanding  national,  iiis- 
toric,  cultural,  and  scenic  rivers;  (6)  urban,  industrial,  transportation, 
and  utilities;  (7)  developed  recreatiori,  fisii  and  wildlife;  and  (Rl  de- 
veloped minerals.  About  4l  million  acres  i.ave  been  identified  as  key 
habitat  for  wildlife,  dearly  all  public  land  is  available  i'or  i xtensive 
use  as  undeveloped  i-ecreation  ar.d  liuntiri^'  areas. 


Other  Resources 
Agricul'„ure 


If  an  econondc  wa'er  suj'ply  can  be  obtained,  tiotcudial  e.xis's  for  'd- 
tdgation  of  over  " million  acres  of  new  lan.i.  About  one-'niiv:  of  r>:ir‘ - 
ing  irrL'a'.ed  la::ds  i.eed  addi'  iorial  wah-r  I’or  bes'  jirowjc' h.  . ’-ri  -a'c: 
c!’opland  yields  can  be  increased  .'ivitly  by  nr-ovidinv  sunplem.n'al  wa'cr. 
ii.stallir.r  drainage  systec.G,  impro-.d;.,-;  ii-rigation  G;,  r‘i';rs.  an.;  ado;-'  ' ■ . 
cul'u!'al  r.'ianagement  pr-actlces. 

.'elee'ed  s\iitable  areas  to'alin,  ■ •,  -dO  ar.'  .r,.  - far- • ■ ; 

■will  co.n‘.it;ue  as  suc’n  u.xcei;'  for  ‘i-ose  •icre.'L.'i'S  con-.'i-.*"  ! to  li'i  i •t'i-v  . 

. ry  cropland  produc'ion  car,  i.c  iticrc/ase.i  ly  imi'rovi'  ' ;r;Vi;rai  ■: 'vrue;:.!  n‘ 
p ractices  such  as  use  of  im;. revd  varic‘i*'s,  cons,  r'.'in.  soil  iis';.rv  , 
tnai  r.'alni:..'  soil  fertlli'y  an-i  reJin-li.,-  r.'r.''’. 


■0 


'ontour  { renchlri:';  'o  reduce  sediment  loss  and  ru’.ot':' 
on  s'ecp  moun.taii:  slopes. 

rleotric  po.ver 

iiie  capacity  of  pi-eseni  'nydroelec' i-ic  pliants  totals  1 . Oi’  : .-.•.■'M'.va' ‘ s . 
of  v.hich  the  bulk  is  a‘  .•'l.'urlii;',  loiye,  ilei:  'ar;,voi.,  an^;  ' : ■ 'ure 'an' i 
tni‘ , parts  of  the  'oloraio  iuver  .d.orat:c  .’'’ro.iect  . iliese  j)la' ' s ami  o‘ • - 
et’s  to  be  coris  true  ted.  as  j'ar*  ol'  i '-’.e  'K;T  will  probably  r’cmain  ir.  se!’\’'ice 
beyond  '0.10.  .'o::w-  small  or-  old  ilar.ts  may  be  rctir-ed  from  m-r-oic’  . '•’oe' 

o;’  the  sirrdficar.t  i’.vdi'oelectr'ic  sites  have  been  I'rw'ioirsly  s'udi'  d a:..; 
these  iiave  a I'O'.eiitial  capacit.y  ot'  1.“10  mepawai's. 

rmi'il-elcct  ric  capacity  now  to'als  1 tricpawa*  ns.  '.iew  pla:  ‘ s '.-.ill 

• •ncra!  <?  ii.o.'l  ot'  the  f'u'^ure  povrer  production.  :-.aw  ::a'erial.s  foi'  :.ucl''a.’' 
fuels,  'IS  v/ell  as  vei'y  lai'.'e  coal  s-'scurc-s  for'  *!;>  ftr.al  re:.'  ;-i‘ ion  ar-' 
aval  lab  1 ■ . 
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Ai«'  VI 


^OUR:’'-'  ava: lability 


Arizona  Public  Lervice  Company's  Four  Corne 
rieai'  r'amiiiij'ito!: . .'.q',-:  Mexico. 


Po'rfeiT'la 


;'e^  roleum,  uraniun;,  coal,  molybderiur: , and  ' rona.  rrodiiced  in  sirni 
can'-  quantities  Juriii;^  the  l<^‘L7-65  interval,  generally  are  available  a, 
reserves  or  i-esources  in  volumes  sufficient  to  meet  all  foreseeable  .ie 
m.ands  *--hrough  2020. 


I'o' al  estimated  crude  oil  resource  is  ' .V  billior.  bar-relr,  of 
riiilllon  barrels  are  known  i'eserve.  i'o’al  iia'iir'il  gas  r>-source  i 
• rillior;  cubic  fee'-,  of  whici:  10  ' rillior.  cut  ic  fee'  are  kr.O’wi.  !'--c*'r 
1'  tiie  estimated  l‘ii  billio:-.  ‘ o:is  o!’  coal,  ;'erc''n'  is  I i ‘ umi -.ous . 
: r-ac' ically  ;il  i 'he  remainder  subb  i ' uminous  . Ai'OU'  o;.-’-''aif  n'  all 
'.;oal  is  ':'or.sidered  recove r-it  l-' . . 'i  !'•  y- !'i  ve  per'Civg  o:'  ‘ g,  coa  l is  1 

cate;  i.n  ' 'ne  irje:.  rivet-  .’iil  r-vio:  . 'l.e  oil  shal--  U":oni‘r  o:'  • r 

cotic'i'u'e  ‘die  larves'  unde-ve’ oi 'd  e'-.cr-.v  co'ur'"  of  'he  • i',-:  . --t'' 
hn--y  -ire  es'ima'el  ‘o  !:a'.'>-  -i  re'eidial  o:'  i - -1  : 1 ov--r  •.■■illion  i 


PART  I 


Texas  ;ulf  Julfur  Porr.pany's  Pane  Creek  pota, 
mine  near  .'-ioab,  LPa’n. 


^d'ie  variety  oi'  salii.e  minerals 
. Principal  mir.eral  resources 


'.iicreaseJ  production  I'acilities  ' 
es  as  economic  ,‘us!  ifica'  ion  and 


Recreation  a;.d  fisli  and 


rp.e  r'e.-'ion  is  ideally  suited  'o  mee'’  moi-o  'na’  lo 
'or  recroaf^ ior.al  activity  and  also  fill  a por-iion  o:'  ‘i 
tdire  r,'a‘'io;.  Resources  are  ,-ene rally  available  ‘o  :r,' 
evea'iot.  needs:  no’.vever,  v;a*''r  suri'ace  is  no'  aval  la; 
.'iceds,  :'e::eratcd  by  :ior.rpsi  by  ' 
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PART  IV 


RESOURCE  AVAILABILITY 


Taule  'i  - ; rli  0 i [.’'si  r.-KOia'cuo , lippor  Culoi-uio  KeeU*^'' 


Roso\u'oo 

Qunjiti  ty 

Locatloti  atil  Kormirks 

Uranium  in  au-dstontj 
Uranium  in  phos{?iiat<.‘  rock 

12Y,000  tons 
lYt5,000  tons 

.’lostly  rail  Juati-Golojv'.do 
Greet.  Hiver,  vei'y  low  t:^rnde 

Vanadium 

21*0,000  tors 

Hxploi table  witliiti  'ij*aniu:n  deposits 

riiorlte 

tons 

Uppi.*r  ‘-!ain  Stem 

Helium 

4l  Jilliou  cu.  ft. 

2/3  Green  iUver,  I/3  2at.  Junt  - 
Colorado 

Gilsonlte 

3o  million  tone 

Green  River 

Bitiuneti 

15  million  barrels 

60  percent  Green  River: 

40  percent  San.  Janr. -Colorado 

lead 

Lr.o 

Copper 
d liver 
Placer  gold 

1.5  milJloii  tons  ) 

U.S  million  tons  ) 

0.2‘3  million  tons  ) 

555  mi  11! 01.  ounces) 

2 milliojt  oui.ct-'G  ) 

Uppur  !-iain  Stem  at.d  San  Jua:  - 
Colorado 

Over  . it.  Upper  .''ten,  Mosl  of 

retma i ;,der  in  Gai.  Juat. -Colorn  lo 

Truri  oi’e 

5 mi .11  lot  tons 

t>5  percent  Iron,  Upper  Main  Stem 

'■'.olyl>dei:Lu:i 

will  ion  to.ns 

.VosiJy  Ui>i-'Le‘  'Inin  Stem,  Uitiyster. 
as  byproduct. 

riiOGpi’.ntu  r:'cl. 

5 . 850  mill!  0:  ions 

Mostly  ',1V. .-1.  Hiv.'r 

Potacli 

2oU  mi  11  lot,  tons 

I'itiablc  by  cot  vet  ti onal  meth.xls 

Pyrito 

”'ilti-ml  1 li  on  to; 
li  ■pv'^s  its 

IXjIjivs  County.  Colorado 
50  percent  r.iilfiu' 

Trona 

UY  bill!  oti  tons 

.'O-U-C-  .-f  r:  tm-ul  ivvlium  ciii-borntc 

Uai.d  anl 

Widely  distributivi  U.rotu'lioul  1!..' 

ri*^:i  oti 

Cr'id"  oil 

O.Y  billioii  barrels 

vt  iy  in  Greof.  .Yi  v • r 

I.nt’iral  tyic 

103  trillion  eu.  H. 

".ost.ly  iii  Civcr.  Hiv.-r 

Coni 

lUl  billion  tons 

WidL'ly  diEtril''.;i  -d 

’ i 1 ri  n 

2 trillion  barrels 

8,000  square  miles  ef  land  ii. 
Colorado,  V.'yomlne.  r*-  1 IRmR 

i^ook  nrnlial  t, 

15  billion  bnrrolr 

rrim.-!rll,v  Hl/.l. 

9 
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PART  V 


Rl'CIONAL  Ni’lDS  AI®  DiMANDS 


The  regional  needs  and  demands  ai’e  based  primarily  on  the  regional 
interpretation  of  the  projections  for  the  target  years  L9S>0 , 2000,  and 
2020,  prepared  by  Office  of  Business  Kconomics,  Department  of  Commerce, 
and  Economic  Research  Cei’vice,  Department  of  Agriculture  (OBERS).  Among 
tliese  projections  were  population,  employment,  and  the  production  of 
agricultural  and  other  commodities  to  meet  demands  within  the  region  and 
to  supply  a portion  of  national  needs.  Several  segments  of  the  OBERS 
projections  were  adjusted  to  represent  local  conditions.  These  included 
utilizing  available  feed  and  forage  crops,  timber  products,  producing 
minerals  and  power  to  meet  regional  and  export  needs,  accommodating  rec- 
reation and  fish  and  wildlife  needs,  and  interregional  water  export. 

Problems  related  to  watershed  protection,  flood  control,  water  qual- 
ity, pollution  control,  health  factors,  maintaining  a quality  environment, 
and  other  needs  associated  with  production,  are  described. 

These  projected  developments  result  in  requirements  for  water  and  as- 
sociated land  resources.  Water  thus  becomes  the  primary  index  for  devel- 
opment of  the  regional  plans. 

Population 

The  population  of  the  region  is  projected  to  reach  680,000  by  2020, 
as  shown  in  the  following  tabulation.  This  Included  the  I968  OBE  pro- 
jections with  the  hydrologic  portion  of  Arizona  added  because  of  its  im- 
pact on  the  Gan  Juan  area. 


Gubreglon  and  states  i9o5 

1980 

2000 

2020 

March  ly68  OBE  projections 
( Ec onomi c subreg ions 

witii  Arizona  portion  added 
other  than  Arizona) 

Green  River 

100,579 

107,100 

124,400 

151,200 

Upper  Maiti  Gtem 

136,725 

142,900 

171,400 

204,200 

G.an  .ii.an-Colorado 

128,725 

176,200 

24i , 900 

324,800 

Reg i on 

ice, 029 

426,200 

537,700 

680 ,200 

Arizona 

29,100 

41,700 

52,300 

o4,300 

Jo Lor ado 

180,450 

205,400 

252,800 

313,V»00 

New  Mexico 

46, 600 

65,000 

95,000 

125,000 

Utaii 

65, LOO 

74,500 

94 , 100 

12’ ,100 

rt’yomi 

^8,V(9 

i 0,600 

43,500 

5.  ’ , ' HiO 

Region 

it '(.,029 

4 2c,  2a) 

537,700 

(•■■v,2o0 
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Projected  Requirements 

Retiuireraents  for  food  a.nd  I'iber,  industrial,  commodities,  and  other 
goods  and  services  are  described  under  agricuitiu-ai  and  industrial  pro- 
jections. 


Agricaltural  projections 

Feed  crop  projections  produced  on  irrigated  and  dry  cropland  and 
rangeland,  including  hay,  field  grains,  and  silage,  have  been  modified-- 
and  pasture,  range,  and  native  hay  added--to  utilize  available  resources 
to  produce  livestock  and  livestock  products  consistent  with  1968  OBERS 
projections.  Timber  production  reflects  the  region  potential  on  a sus- 
tained yield  basis  but  is  not  OBERS  projections.  A sum-’.-xu’y  of  projections 
for  these  commodities  and  other  food  crops  is  shown  oelov;. 


Agricultural 


commodities 

Units 

1965 

1980 

2000 

202' 

Beef 

Mil.  . 

lbs. 

207.3 

282.1 

375.0 

492. 

9 

Pork 

Mil.  : 

lbs. 

2.0 

1.5 

2.0 

2. 

Lamb  and  mutton 

Mil.  - 

lbs. 

87.7 

92.0 

122.0 

159. 

■' 

Wool 

Mil.  . 

lbs. 

12.5 

13.1 

17.4 

00 

3 

Milk 

Mil.  ■ 

lbs. 

192.7 

3^8.2 

453 . u 

585. 

6 

Farm  chickens 

Mil. 

lbs. 

0.5 

0.9 

1.1 

1 . 

1, 

-t 

Bggs 

Million 

36.0 

43.5 

57.1 

7^. 

Feed  crops 

Hay 

1,000 

tons 

1 

,168.1 

1.418.3 

i. , 

,750.9 

2 

,o84 . 

,4 

Feed  grain 

1,000 

bu. 

4 

,417.0 

7,LoM 

s: 

.350.3 

. 1 

.281. 

, ' 

Silage 

1,000 

tons 

490.1 

olO.O 

332.0 

i 

, 42. 

8 

Pasture  and  range 

1,000 

AUM's 

7 

,737.0 

8,d8J  .2 

10, 

, 5^-‘4.  D 

11 

,'(4‘.. 

5 

Other  crops 

Barley  (Moravian) 

1,000 

bu. 

750.0 

1,540.0 

2, 

,u4o. 0 

3 

,7oo. 

Wheat 

1,000 

bu. 

8 

,576.0 

5,258.0 

5. 

,91'hO 

0 

,85.'. 

Orchard 

1,000 

tons 

80.0 

108.0 

144.0 

l8l . 

0 

Sugar  beets 

1,000 

tons 

172.5 

361.0 

565.0 

825. 

Dry  beans 

1,000 

ewt . 

765.0 

835.0 

929.0 

1 

,02,;. 

0 

Truck  crops 

1,000 

ewt . 

291.0 

381.0 

5u0.0 

o24  ' . 

0 

Potatoes 

1,000 

cwt . 

397.8 

463.8 

552.0 

o40. 

0 

Timber 

Mil. 

cu . I't 

53.0 

170.4 

285.8 

34,  . 

, . 

Industrial,  projections 

The  principjil  Lndusti’Lal  activity  projected  in  mining  and  ni’cvesr  i :i<; 
of  minerals  and  production  of  electric  powei’. 
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Minerals 


Projected  value  of  the  mitierais  needed  will  .juadi'upLe  to  ovei' 
billion.  The  uuLk  of  development  wiil  be  for  petroleum,  m-ani’jjn,  coal, 
moLybdenum,  and  trona  production.  Mineral- fuels  i.nteractlon,  such  as  how 
much  uranium  and  oil  shale  will  replace  petroleum  and  coal , is  very  dif- 
ficult to  predict.  Oil  shale  and  other  synthetic  fuel  developments  wei'e 
not  projected  as  needs  under  regionally  interpreted  OBERS. 

Electric  Power 

A tremendous  increase  of  electric  energy  production  is  required  to 
nieet  projecteu  rucaL  and  export  needs.  Over  80  percent  of  the  energy 
produced  will  oe  exported  to  the  Pacific  Northwest , Great  Basin,  Souther;. 
California,  Lower  Coloi’ado  Risin,  and  east  of  the  Rocky  Mountains. 


Year 

Location  of  use 

Type  of  generation 

Local  use 

i'Xport 

Steam 

Hydi’o 

Total 

Installed  capacity  in  megawatts 

1980 

1/1,300 

13,  too 

13,  too 

1.300 

14,700 

2000 

i/3,900 

39,500 

42,100 

1,300 

43 ,4uu 

2020 

1/7,900 

35,500 

42,100 

1,300 

43,400 

Genei’ation  in  niiiiion  kilowatt  hours 

1980 

57,70 

97,700 

97,570 

5,900 

103,470 

2000 

L8,200 

282,720 

295,520 

5,4oo 

300,920 

2020 

36,^00 

237,320 

268.420 

5,300 

273,/ 20 

T7  Includes  20  peivent  I'esein/e. 


Other  needs 

Associated  production  and  protection  neoiis  include  Land  iiiana/'cmeiit , 
watershed  maiiagcirient , flood  oonti’ol  , irrigation  and  dj’air.ag.e,  recreation, 
fish  and  wildlife,  and  water  quality. 

land  Management 

Improved  management  and  st.ructvu’aL  practices  on  gra.-.iiig  1 antic,  aiv 
required  to  increase  production  by  !,j00,000  AUM's  (animal  unit  months) 
by  '^020  to  meet  regionally  interpreted  OBi’Rf  project  i one,  evcui  though. 
7,100,000  acres  less  land  would  be  grazed.  Th’oper  mana{'e;nent  and  usage 
will  result  in  the  retirement  of  5-3  million  aci-es  o.f  \nic.uitaide  grac.ing 
Lands.  Other  uses  will  I'equire  conversion  of  '.t  miiJ  ion  acres,  'i'iiesi' 
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vOuvei'Ciouo  will  be  required  1‘cr  'a'ua.n,  industr 
ties,  I'ish  and  wildLii’e,  recrenlion,  niinerulc, 
sites. 


^^Lleh  oi’  the  dry  cropland  suii'ers  from  lack  of  dependauie  .moistui’e, 
poor  soil,  or  erosion.  Pi'oper  mauat^ement  practices,  or  ciiiftiii^:  to  cover 
crops,  may  alleviate  some  of  these  problems.  About  '‘j ,000  acres  of  the 
603,000  present  acres  ai’e  re'iuired  for  iri'ipatiou  and  ^,OOo  acres  wIIl  be 
lost  to  other  uses  or  inundation  by  resei'voirs. 


Watershed  .'■'.ai-acement 


flgnificant  upstream  watei'sned  proi..le::is  ' . 

damage  in  i are  ei'osion,  flood  and  sedime;.'  , 
ing  I'rom  upsti’ear.  vateX'shed  problems  :-,re  tnose 
areas  of  - '-a  acres  (^00  square  miles)  er  ies 
problem  affecting  jc.  5 miLi.ion  acres,  causes  . 
Upstreajn  flood  and  sediment  damages  of  $i.li  i:.:  ^ 1 
lion  acres  (these  damages  are  also  included  in  1 
trol  Section).  I’’ire  causes  damage  of  .0  mi!  - i 
age  an.nual  iiamuges  will  increase  from  $i3.  mi!,  i 
^.02u  if  no  additional  watershed  protection  progr 

1^65- 


naivigej  I'ecul 

■ in  irisutary 
' The  ma.ior 
, aiiiiuai  da.T!ages 
t aijout  ''.4  mil 
'ing  flood  con- 
i-egion.  Aver- 
.1  millioi’i  by 
nstituted  alter 


Aerial  view  of  fIoodlni>:  of  G-unnison  River  near  Delta.  Coloi-ado 


Otht.'Z’  iieeds  IncLude  managing  and  ileveioiiing  Uie  wal  ei'Sheil  to  permit 
TiOre  multiple  use  for  gi"i'ing.  rt'creation,  tiiiunj’  pjavlih-t.  ion , ami  fis.! 
imi  wildlife  purposes.  In  •uldil.ion  to  tin  Increas.ed  land  u;uu'  it  is 
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t'Siieut  lul  i:.at  ihc  v/aterched  ot-  irxxin'^i'.eo.  to  produoc  hiij;h  ^uaLity  water  1: 
o'liTioieut  [ua;. titles  to  ;;ieet  the  needs  and  to  i.as\ire  propex'  stewardship 
Ol'  the  ehv  ii'uxs.’.eut . 


Pock  check  dxun  for  control  of  gully  erosion  in  watersiied 
areas . 


Flood  Control 

Flood  control  measures  are  req.uirec  to  I'educe  the  potential  fox-  loss 
of  life,  human  suffering  and  property  damage  caused  by  flood  wtter.  An- 
nual flood  damages  will  increase  from  million  in  Ipui?  to  over  4’i‘ 

million  per  year  by  2020  if  no  additional  flood  control  ]u-ogi-ams  are  under- 
taken. About  one-half  of  there  pi-ojected  damages  -ire  included  ; !i  uprt  si  -ir-. 
damages  in  the  preceding  watershed  iffinapiemeiit  se.-t. ion.  Reduct  jun  -f  ua:-.- 
age  can  be  effected  through  an  integi-ated  program  of  flood  foi->-c-ud  : ng  nnd 
flood  plain  m;tnagement  alorix’  -with  stx-’a-tui-a  L measui'en  including  i-e.‘'ei‘V'  j-r . 
Levees,  and  v-hatmel  improvements.  Nonstructuj-a  i flood  pctin  rianagemeni 
measures  to  control  devei^ipment  and  reduce  flood  damiige  fi-om  taking  pin-, 
in  fiood-f>rone  areas  ;ire  also  re  piii'ed.  Flood  plain  ;'tu(jier  wM  i 
needed  in  and  around  lu-ban  cent  ei-r.  and  other  potmit  iai  deve  .pru  i.t  •ii-.,- 
to  delineate  arear.  r.ubje'-t,  t.o  fLoodiiy. 
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,cit/  i.  Oil 
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Dl'a  : aa.  'i. 

Aad : i. : 

! Oli’J  ! 
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w i 1 1. 
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Laud) 

V*  kdiiVt-jri.eii 
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Laud , 

iiripi’ovcu 

ii-riL'ai  io.-i  . yft  L-;:..' 

elTi>.' 

loCLcy . 

, aiiU 

Lru/l'Oved  a - i :;ii 

i.e-Hrly  cx;i 

,UC‘.} 

aaix-o  uoei.;  a 0'.-i|;i.lu;ae 

•I 

e’" 

■ d ^ / 

r , 1 

jMmmt 

pen  dit>’!!  drain  newly  constructed  in  irri(.'ated  lands 
in  Colorado  to  z-elieve  waterlogged  condition  and 
improve  crop  production. 


au;’.e  o!  the  uni' pee  values  oi'  the  ^a’eu 
fiGhin,'"  -ana  hunting,  1 >r  tne  i-ej’ion 
ii.i  i.lion  in  l-io')  tc  , jt>  iriiilion  in  ■ - 
put'"  I'liLy  n'nout  ■,  percent 

• Cc  wi  ! ..<■  generated  uy  i'csid.entG  -c' 
‘M.  '.c’  • ei.i-er  i dent  use  oi'lginates  li'ein 
, , ■ -n.erine,  gait  Lahe  dity.  egden. 
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Man-made  lakes  provide  boatint^,  water  skiing,  fishing, 
and  camping. 

Fish  and  Wildlife 

The  scenic  beauty  and  the  trout  and  big-guine  population  make  tl 
region  one  of  the  finest  areas  in  tin-  nation  for  tumtiuj'  am;  fishiiif  . 
Hunting  ana  fishing,  demands  are  expected  to  nearly  douule  d;u'in^'  the 
to  ??0P')  period  to  meet  the  inbasin  and  uoiiresldent  needs. 

Tile  foiiowiiig  tabulation  surunar  i .',es  Uie  projecteu  iK'cds  in  tin;, a 
o!'  man- lays  by  time  frames. 


Fistii  i ng  demands. 
H.i’it  Lng  d<-maa<ls 
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RECREATION  DAYS- Including  Hunting  8 Fishing 
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1980  2000  2020 


YEAR 


1 


Fiy  i'ishiny  I’oi’  rainbow  trout  in  high  inoimtain  rl  rear,  neai- 
Crested  Butte,  Colorado. 

Meeting  these  demands  will  reiuire  |ii,000  acres  ol‘  'ieveloped  ‘a-n  jVi- 
fishing  impouridments  and  waterfowl  habitat  and  will  i-epuii'e  wildlife  con- 
servation considerations  on  over  ^+1  million  acres  of  key  iian'tat  ana.  -p 
2020,  liY,000  acres  of  additional  land  will  be  re;;.ired  1..  prcv : c.e  winnc 
range  needs  for  big-g.ame  animals. 

Water  ...uality.  Pollution  Co.ntrol,  and  Health  Factoi-r 

Il’O.iect  ions  indicate  an  increase  in  cenctn.t  I'ui  : enc  ■]'  disc.'dvec.  sc'- 
ids  of  anout  ul  percent  near  tiie  ;noid.ii  of  the  lin-en  ivi  r . . '.■'J*  ; er 'eat  al 
tiie  Can  Juan  River  near  t.iu'  inouti;  , an  i I'er  -.-nl  i ;.e  C ' J'u  ; ■•'■.■ij- 

at  LeeS  Ferry  due  to  prw.ie.-te.i  deV'  .limint  i;,  ‘ m ri.'bi,  wr  er  . xn.  i-' . . 

In  some  ai’i.'ac  rustiy  trentmc.nt  will  ^ n r.ii'i  : 1 ■ liji.'r.aci  ;■/ n,  .wa c 
wai.er  I’or  'iownst  ream  fish,  I'e.-n/at  icn,  ana  r;..:.'  'ij-a,  an:  h.:.:'i'ia  ..i  . 

i-eStor-d.  i-ci  of  mining  ar-'a.:  w.  :,  'd  !es.'e;i  ■■aj-mf.  i .;  'nn i . ina.n  : a' . 

treated  man’  'ipal  and  i.adaslria;  el'f'  c-ni  .'  'tn  p.  liai  in,  ■ s.‘ i''  a . 
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Adequate  waste  treatment  facilities  will  "be  required  to  service  present 
development.  Control  measures  will  be  required  to  prevent  fertilizers, 
pesticides,  and  other  pollutants  from  entering  the  stream  system.  Main- 
tenance of  minimum  flows  for  water  quality,  fish  and  wildlife,  recreation, 
and  other  uses  is  desirable  in  some  areas. 

Thermal  pollution  has  been  minor  to  date.  However,  heat  output  from 
thermal  powerplants  is  expected  to  increase  30  times.  This  tremendous 
amount  of  heat  must  be  managed  to  protect  the  temperature  for  fish  and 
for  water  self-purifications. 

There  is  great  need  for  increased  surveillance  and  emphasis  in  the 
areas  of  domestic  water,  air  pollution,  solid  waste  disposal,  radiologJ- 
caL  pollution,  and  disease  vectors,  particular  attention  would  be  given 
to  control  of  stack  emissions  from  thermal- generating  plants  a;id  effluent 
from  mineral  processing  to  prevent  degradation  of  the  environment. 

Restoration  of  disturbed  mining  areas  and  control  and  stabilization 
of  the  tailings  piles  are  necessary  to  reduce  erosion  itnd  the  contimlna- 
tlon  of  water  coui’ses  by  the  radioactive  material s and  heavy  metals  trans- 
ported with  the  sediments. 


Water  export  demands  by  the  year  2020  from  adjacent  i-egions  wltliin 
compact  limitations  will  result  in  increased  transmoiintain  diversions  of 
1,102,200  acre- feet  by  Colorado,  New  Mexico,  Utah,  and  Wyoming. 


Water  Requirements 


By  the  year  2020  there  would  be  on-site  elepLetion  needs  oj'  i . 5b  mii- 
lion  acre- feet.  The  largest  consumptive  use  need,  which  is  50.3  percent 
of  the  total,  in  20.10  or  3.2,'  million  acre- feet,  is  for  irrigat.ed  ci-ops , 
associated  seeped  and  liir'eatophyte  ai’eas  incident  to  irrigation  and  iri'i- 
gation  reservoii-  evaporatio.a. 


Minor  water  needs  in  202o  ru’e  in  muni,'ipal  and  industrial  water  sup- 
ply (I.,’  per ’ent)  , minerals  (0.6  percent),  augmented  fish  and  wildlife 
and  reci’eation  ( 1 . percent),  stock- pond  evapoi’ation  and  livestock  use 
( . ' perce.at),  and  thcrma  1 -e  Leeti' ' p)owei’  generation  ('.o  peio'ent).  Anout 


l.i‘V  .million  a. -re-feet  (or  pei-..-ent  of  the  2o2.,  depletion)  would  Lu.- 


t'.<( ' rt  od.  i-iain  sten.  regu  1 .'it  in^'  I'esei’voii'  e-viporat  i on  would  a.,-i-ount  foi’ 


i .1  pcr-ent  oi-  i,o-  . " acre- feet  of  nejilotion.  Taijle  5.  and  the  four 

f;  -u-L-.:  tV'llowing  pa/'e  58,  present  stream  deplet.Lons  for  the  five  sttoes 
ar.'l  • hree  subreg i v.-.s  by  types  mf  neoiis  fer  lUSO,  2000,  nnii  2020. 
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Land  Kei|ulremeutO 

Pi'ojections  of  production  requirements  ;uid  the  changes  brought  aoout 
by  economic  considerations  will  require  a significant  difference  in  Limd 
use  in  the  future.  Blocks  of  J.and  will  be  converted  from  one  use  to  an- 
other. Increased  acreages  wiL.I  be  required  for  urban  and  industrial, 
irrigated  agriculture,  recreation,  fish  and  wildlife,  and  minez’al  develop- 
ment; a large  amount  of  presently  grazed  land  will  be  retired,  and  a de- 
crease will  occur  in  timber  and  tlry  cropland.  Tiie  following  tabulation 
suimriarizes  the  projected  land  needs  and  the  changes  from  tiie  l‘y65  condi- 
tion. 


Multiple  land  needs  projected  in  the  framework  plan 


Principiil  use^/ 

1;/65 

1980 

2000 

2020 

Change  l''t'5 
to  2020 

Cropland  and  pasture 
Irrigated 

1,622 

(Thousand 

1,794  1,954 

acres) 

2 , 122 

^-500 

Dry 

603 

572 

532 

503 

(-)IOO 

Livestock  grazing  , 
Timber  produciionh/ 

60,442 

55,958 

54,691 

53,380 

(-)7,o62 

9,419 

9,351 

9,266 

9,194 

(-)225 

Urban  and  industrial 

331 

356 

403 

471 

+i4o 

Transportation  and 
utilities 

598 

632 

703 

788 

i-190 

Developed  recreation 

71 

l4o 

273 

5O6 

.435 

Developed  fisli  and 
wildlife 

299 

393 

450 

508 

+209 

Wilderness,  natural,  iiis- 
toric,  and  cultural 

2,636 

(not  projected) 

Developed  mineral 
production 

37 

71 

103 

178 

* l4i 

Military 

il4 

114 

il4 

Ll4 

0 

Classified  watersheds 

258 

262 

268 

271 

'13 

Water  (area  > acres) 

4o5 

482 

493 

514 

U09 

L/  Multiple  uses  of 

the  land 

are  made 

in  most 

categories 

sliuwn. 

iy  Timber  production  acrea{j;e 

by  economic  boundary,  other 

i'igAU'es 

by  hytirologic  boundary. 
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FPiU^WORK  PLAI'!  AI;d  ALTEK.'ATI'/SS 


n:e  tasic  purpose  in  formulating  the  framevork  plan  is  to  provide  a 
broad  guide  to  o'  line  development  of  v/ater,  laiid,  and  related  resources 
to  r.eet  requiremer.ts  to  the  year  2020.  Development  of  the  plan  incorpo- 
rates coordinated  analysis  for  all  water  and  related  land  use  with  con- 
sideration of  constraints  imposed  by  physiographic  characteristics,  the 
overp.ll  shortage  of  'water,  and  the  legal  and  institutional  en'/ironments . 
Plans,  goals,  and  needs  of  the  states  and  other  localized  areas  'were  also 
considered. 

'Vater  allotments,  priority  of  use,  and  delivery  commitments  within 
the  terms  of  the  Colorado  River  Compact,  the  .Mexican  '.■■■ater  Treaty,  and 
the  'pper  Colorado  River  Basin  Compact  set  forth  obligations  which  'were 
considered,  Tliese  factors,  along  'with  separate  state  water  codes,  im- 
posed significant  constraints. 

This  study  gives  cognizance  to  envirorunental  assets  for  a pattern 
of  future  develop-ment  'which  'will  preserve  or  enhance  the  esthetic  and 
health- related  attributes.  The  plan  includes  features  which  minimize 
adverse  envirormient  impacts  and  largely  compensate  for  unavoidable  ef- 
fects. Identification  of  problems  in  this  study  should  permit  resolu- 
tion of  conflicts  and  allow  timely  and  coordinated  use  of  the  resources 
in  meeting  future  demands. 

The  comprehensive  frame'work  plan  ir  based  upon  identified  needs  and 
requirements,  'using  available  resources  to  meet  regionally  interpreted 
OBSRS  pro, lections  through  the  year  2020.  This  plan  is  described  and  then 
is  follo'wed  by  a discussion  of  alternative  plans  that  reflect  emphasis  on 
different  uses  for  the  available  water  supplies  and  resources.  The  al- 
ternative plans  are  identified  as: 

(1)  States'  alternative  to  the  fr-imework  plan  (6.55  million  acre- 
foot  level  of  development) , 

(2)  States'  alternative  at  the  8.l6  million  acre-foot  level  of  de- 
velopment, and 

(3)  States'  alternative  for  'water  s'upply  physically  a'.'ailable  at 
site  in  the  region  (9-^^  millior;  acre-fee*''. 

■ 'onsideration  was  initiall.y  gi'/en  to  formulation  of  a pl:iT.  to  meet 
the  needs  contained  in  the  IO68  I'BKHf  pro.iectioi.s . Plans  were  iio*  devel- 
oped because  of  basic  inconsistencies  it.  the  at;ri  cultural  I'ro.iections  ar.d 
,a  need  to  conform  to  pl.anned  and  an'icipated  developme:.'  it:  min.erals, 

timber,  and  po'wer  sec'ors. 
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It  should  be  i;oted  that  these  studies  were  made  to  demor.s*rate  cer- 
tain levels  of  vatei-  resource  development  and  that  these  studies  shall 
not  prejudice  the  position  of  either  the  Upper  or  Lov;er  Basin  interests 
with  respect  to  required  deliveries  at  Lee  F’erry  pursuant  to  the  'olorado 
River  Compact.  In  particular,  the  depletions  are  site-located  and  do  not 
necessai’ily  reflect  direct  relationships  to  s".rearr.flow  dind-.'.ishment  at 
Lee  Ferry,  Arizona. 


Purpose  and  Summary  of  Framework  I- Ian 

The  framework  plan  broadly  outlines  development  of  the  region's  wa- 
ter and  related  land  resources  to  meet  the  regior-ally  interpreted  03ER2 
projections.  Most  project  developments  and  st.r’uctures  have  not  been  site- 
located.  riirthei-  engineeririg,  economic,  and  enviroimie.ntal  analyses  will 
be  required  in  detailed  planning  for  the  individual  segments.  Estimates 
of  costs  and  general  adequacy  of  plans  are  discussed. 

V/ater  depletions  vrill  increase  to  6.55  million  aci'e-feet  by  P020 
while  all  of  the  region's  land  resources  will  receive  continued  and  more 
intensive  use. 

Local  water  .needs  for  municipal  and  industrial  uses  (excluding  power, 
minerals,  and  agriculture)  -will  remain  small  when  compared  to  total  water 
requirements.  Ftiture  recreation,  sport  fishing,  and  hunting  demand  by 
i-e.'^idents  and  nonresidents  will  require  a continuation  and  extension  of 
present  programs  a.nd  manage.ment  practices. 

Projected  total  gross  output  for  agricultural  products  to  meet  de- 
mands and  needs  would  more  than  double  for  most  subregions  and  sectors  of 
production.  Lives^-ock  and  livestock  products  a.nd  food  and  field  crops 
are  the  major  sectors.  Production  o:.  existiiig  irriga*'ed  cropland  would 
increase  and  500,000  acres  of  additional  Irrigated  land  would  be  brought 
into  production. 

Output  of  timber  pi-oduc*s  is  projected  to  3^0  million  cubic  fee'-  due 
largely  to  demar.ds  from  outsile  the  basin. 

' ransmountain  .li',/-ersion.s  I'rom  the  region  -would  triple  -“o  •ibou'  1.' 
rdllion  acre-i'eet  to  meet  a portion  of  the  demar.ds  for  municipal,  indus- 
tri'^1,  at.d  irrigation,  water  in  ad.’acei.t  regions.  iai-f-flow  'o  tiie  i.o-wer 
'olor'ido  i-’eglon  v/ould  continue  as  requii’ed  by  the  'olorado  Elver  tompac*  . 

.-.'atershed  .mar.agrme;.*-.  progra.ms  iijcludir.g  land  n neat  merit,  water  con- 
■ nol  S’- raic'urea.  and  applied  -water  maria.;omer.*-  praC  ices  -would  .'’educe  ero- 
sion, flood,  and  scdim"nt  damage  by  .about  30  to  t ■'  T'ei'cer."  and  -would  i;:.- 
pro-.'e  •W'.ter’  yield  ir.  ter’as  of  quai.'ity  ar.d  |ual;';-.  il.c’  flooii  control 
p’l-r.  woul  i reduce  tiie  estima'  cd  arinual  flood ‘dama.-n ■ l\v  -frou'  millioii 

■ ■ r.  ,-oar  0 o v;ould  elimii.a'c  '5  percer.‘  of  ‘iie  p’.’o.'"c • ed  d-u'iage. 
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The  capacity  of  electric  po'/^erplarits  would  be  about  19  tines  as 
great  by  2020  as  in  I965.  Local  use  plus  reserve  will  require  abou*  iB 
percent  of  the  total  generation. 

Value  of  ndneral  production  in  the  region  is  exc/ected  to  increase 
fror.  $5^3  nallion  in  196?  to  $2,0lU  million  in  L’0--l0. 


New  Proposals  in  Frame'work  Plan 
Agriculture 

Potential  programs  for  increasing  production  of  crops  and  livestock 
and  livestock  products  include  developing  new  irrigated  land  and  increas- 
ing production  on  the  present  irrigated,  dry  cropland,  a.nd  grazing  lar.ds. 
These  programs,  together  v/ith  those  for  timber,  are  tabulated  in  Tables 
and  7. 

Irrigated  Cropland  Development 

Irrigated  cropland  would  increase  from  the  present  base  of  about  1." 
million  acres  to  approximately  2.1  million  acres.  Nev;  irrigated  land  to- 
taling 587>000  acres  will  be  needed  by  2020  to  meet  additiorial  needs  and 
replace  87, 000  aci’es  lost  to  urbanization  and  other  uses.  Present  lands 
will  be  developed  for  increased  production  by  stnictural,  cultural,  and 
management  practices. 

Increased  production  on  presently  irrigated  lands  would  be  obtained 
by  development  of  supplemental  water  for  421,000  acres,  drainage  of 
437>000  acres,  irrigation  system,  improvement  on  9^1,000  acres,  it;creased 
water-use  ei'ficiency,  and  use  of  improved  cultural  management  practices. 

Pai'ticipating  projects  of  the  Colorado  River  storage  Project  au^'.hor- 
ized  or  funded  for  construction , ii;  advance  planning,  or  undei-  precon- 
struction studies  would  develop  water'  for  3^4,000  acres  of  new  iri-igated 
land  and  supplemental  water  for  253,000  acr'es.  Tliis  includes  110,'  on 
acres  of  nev,’-  irrigated  land  in  New  Mexico  for  the  Navajo  Indians. 

In  additior.,  selected  potential  parti cipating  proj'ects  of  th.o  'i-..'; 
would  bring  i.nto  pr'oduction  136,000  acres  of  ne'w  ir'rigated  lai.d  ani  iUr- 
nish  supplemetital  'water  to  73,000  acres. 

FioSi-i-ederal  development  -would  bring  in*o  pr-oductior;  -icr-'T  of 

new  irrigated  land  and  fur.nish  suppleme.ntal  -water  to  '^‘^.OOJ  ac!',-s  : 
er.tly  being  irrigated. 

Nine*;,'  rn’S- -r-vo I rs  '.vLth  a .•af'aci'y  of  . .1  m.niio-  •i-;--  ■■■ 

-would  be  buil‘:  for  the  : rim.ai-y  purpose  of  supplyinr  i rrira'  i on  'w-i--':  . 
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.‘.V  1 '00  acres  oi'  ’ ne  '.i''-,uUO  acres  o 

'.sill  be  • ra:.s:'eri-ed  ‘o  other  us-es,  ; ri;:;ai‘il,v  'o 
■-’ar-il  prac-'*  i-  es  app'lied  '.o  J’-y  ci’op; 

s;::all  ‘-.x-rease  i..  yields,  .he  prOi'rac’.s  Tor 
lar.ds  i.-.'-lude:  l'  use  o:'  roved  pla.M  .-aide 

>,■5'  reduction  of  erosio:.  by  co:f-our  ar.d  ^’-oss-r. 
struc'i'it  100  miles  of  diversion  ditches,  '5)  e 
terways  coveri.-it’;  3,000  acres,  (c.)  fall  chiselir. 
ally  i:.  areas  of  deer  snov;  accumulaiiox,  and  i? 
stubble-mulch  metb.ods  on  150,000  aci’es  annually 
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Table  6 - Irrigated  land  use  and  on-site  water 
depletions  (consumptive  use,  reservoir 
evaporation,  and  iricidental  use'l 
Framework  plan 


Upper  Colorado  Region 


Water 


Irrigated  land  depletions 

(1,000  acres  ) (1,000 


State 

Total 

Sunplementa  XLJ 

acre -feet ) 

Arizona 

10,0 

1980 

0 

7 

Colorado 

1,003.2 

113.9 

1,479 

New  Mexico 

104.2 

5.5 

245 

Utah 

334.7 

102.6 

588 

Wyoming 

341.3 

59.0 

3 34 

Total 

1,793.6 

281,0 

2,05-3 

Ar i zona 

9.4 

2000 

0 

8 

Colorado 

1,087.5 

166.2 

1,633 

New  Mexico 

139-2 

5.5 

329 

Utah 

338.6 

109.6 

605 

Wyoming 

Total 

379.5 

8py0 

4oy 

1,954.2 

366.3 

2,  y8; 

Arizona 

9.4 

2020 

0 

9 

Colorado 

1,151.9 

201 .4 

1,723 

New  Mexico 

174.2 

5.5 

4ll 

Utah 

394.1 

119.2 

723 

Wyijming 

Total 

392.5 

95.0 

428 

2,122.1 

421,1 

3,2-4 

"iT  Supplemental  acreage  included  in  total. 
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Table  7 * Projected  land  mtinagemem.  product  ion  programs 

Fiumework  plan 


Upper 

Colorado  Region 

Practice 

Unit 

1981-2000 

2001-2020 

Federal  La.nd 

1 

Wot^d  production 

\: 

Timber  management 

'.5V'4.ooo 

\ 

systems^y 

Acres 

7.553.000 

7.535.000 

■i 

Thinning,  pruning 

Acres 

227,000 

379,000 

153,000 

Planting,  seeding 
Forage  production 

Grazing  management 
systemsl^^ 

Acres 

114,000 

189,000 

75,000 

Acres 

30,975,000 

30,975,000 

30,975,000 

Water  developments 

No. 

7,861 

10,118 

1,860 

'■1 

Fences 

Miles 

5,522 

6,563 

1,912 

Plant  control 

Acres 

223,563 

223,563 

4l,40C 

Revegetat ion 

Acres 

43,052 

43,052 

8,630 

! 

Private  Lf-.ndS/ 

Forage  production 

j 

Grazing  management 

systemsl/ 

Acres 

23,505,529 

23,505,529 

23,505.529 

t 

V/ater  developments 

No, 

1,543 

3,400 

1.970 

Fences 

M ties 

1,500 

2,380 

1 , 600 

Plant  control 

Acres 

439,504 

522,316 

436,461 

j 

Re vegetation 

Acres 

231,710 

369,638 

286,086 

i 

X 

1 

i 

V/ood  production 

Timber  management 

systernsJ:/ 

Acres 

1 . '^'7.000 

1 .'13.000 

1. "50. 000 

f 

Thinning,  pruning 

Acres 

36,000 

36. 000 

21,000 

i 

Planting,  seeding 

Acres 

18.000 

i8 , 000 

11,000 

On - fa  rm  irrigation 

1 

systems 

4 

Canals  and  dilclies 
Irrigation  water 

Mi  les 

500 

00 

0 

371 

control  st ruc- 

1 

i ures 

No. 

77,330 

77,400 

‘’3,730 

k' 

Ijand  leveling  and 

5 

f 

sitioot  lung 

Dra ■ nage  (t i le  and 

Ac  fc  s 

570,800 

569,140 

362.335 

ji 

J 

di  tclies ) 

Drainage;  (tilc‘  and 

Mi  li  s 

1,6C1 

g.tjro 

1 ,M7 

d it  cher, ) 

A'Tcs 

170.0:_'5 

.'.’81,450 

170. 4: ’5 

1 

Crop  pr'xlu'd  i 'll 

1 

improvem''nt  (dr>') 

t 

iUv  r.  i 'll 

M;  1.  s 

t.i; 

i:''- 

u 

) 

( 

1/  flray,  ing  and  i 

imii  r-  nia;..' 

.g'munt  system..' 

r.'* 

uld  i'r>  r.ss;-.",'d 

! ji’i'i  fra-'-'S. 

i 

1 

1 

;i 

i 

.J  Includ".'.  In'i- 

•:::  land. 

r ■ 

t.>‘ 

rora^'e  o:;  rar:re  a:.  ; • .a-,  i v. ; . . 

::io;:ths  oi'  :'ra:'i:.,'.  - ;;vi*:e  of  a:.;”; 

uses,  O'/eiaise  ar.d  abuse  bei:.,-;;  c-ur'.: 
for  other  uses,  total  aroductio;.  vril 
foi-  ob*air,irij^  the  iricreas--a  5 t-oauc"  1 
treatment,  and  installation  of  sti-uc 
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Watershed  management  and  flood  control 


Watershed  Management 


Average  annual  upstream  watershed  damage  is  presently  $6.71  ."dllio:.. 
This  will  increase  to  $25.6  million  by  the  year  2020  if  no  additio.nal  pi'o- 
tection  programs  are  initiated  after  I965  due  to  population,  growth,  and 
economic  activity.  The  program  of  upstream  watershed  management  prac- 
tices, including  land  treatment  and  water  control  structures,  is  listed 
in  Table  8.  Man-created  erosion  and  sediment  pi-oduction  and  associated 
damage  will  be  decreased  40  to  60  percent.  Upstream  flood  a.nd  sediment 
damage  will  be  reduced  about  30  to  50  percent.  In  addition,  applied  man- 
agement practices  can  improve  water  yield  in  terms  of  quantity,  quality, 
and  timing. 


Flood  Control 


Average  annual  flood  damage  in  the  region  would  increase  to  an  esti- 
mated value  of  $10,551)000  by  year  2020  with  no  additional  flood  control 
measures  after  1965-  Tlie  flood  control  plan  consisting  of  flood  control 
storage  in  reservoirs,  levees,  and  channels;  improved  flood  forecasting; 
land  treatment;  and  other  nonstructural  measures  would  reduce  the  esti- 
mated average  annual  flood  damage  in  2020  by  $6, '744,000  or  about  65  per- 
cent of  the  amount  tiiat  would  occur  without  the  program,  'ilie  structural 
components  of  the  plan  are  shown  in  the  table  below.  Nonstructural  mea- 
sures, such  as  zoning,  flood  proofing,  use  of  building  codes,  subdivision 
regulations,  and  other  similar  techniques  to  limit  flood  damage  at  the 
principal  urban  areas  of  the  region,  are  also  included  in  the  plan. 


t1oo>l  cor:*ril  jrof*rarr.s 
r«ii»*work  plat. 
■'pptT  'olopido  rewiior 
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Table  & - Projecte-d  rfa;  ei’shed  management  programs 

Frni....  plan 

Upper  Colorado  Region 


Practice 

Unit 

1981-2000 

2001-2020 

Erosion,  sediment,  and 
runoff  control 
Land  treatment 

Brush  and  weed  control 

Federal 

Acres 

Land 

929, 0l4 

1,265,800 

393,017 

Watershed  tillage 

A^'res 

116,300 

174,200 

79,720 

Seed ing 

Acres 

360,768 

501,600 

247,900 

Stabilizat ion 

Acres 

12,657 

12,657 

2,367 

Gully  control 

Miles 

1,966 

1,976 

422 

Sheet  erosion  control 

Acres 

150,300 

151,300 

31,000 

Water  control 
Detention  dams 

No. 

184 

307 

214 

Check  and  drop 
structures 

No. 

14,629 

24,091 

12,773 

Diversion  dams 

No. 

100 

230 

277 

Dikes 

No. 

83 

156 

228 

Streambank-lakesiiore 

stabilization 

Miles 

533 

547 

109 

Debris  basins 

.No. 

18 

17 

3 

Water  yield  improvement 
Type  conversion 

Acres 

376,710 

379,410 

75,442 

Erosion,  sediment,  and 
runoff  control 
Land  treatment 

Watershed  til Itige 

Private  Land-/ 

Acres  79,228 

103,440 

90,245 

Tree  and  shrub 
plant ing 

Acres 

1,066 

965 

713 

Stabilization 

Acres 

78,935 

61 , 122 

40,366 

Water  cont  rol 

Detention  dams 

561 

564 

298 

Chei-k  and  drop 
St  rue  lures 

No. 

7,611 

5.189 

2,881 

Diversion  dams 

No. 

1.134 

1,448 

8oi+ 

Wat  er  spread i ng 

Acres 

139,710 

149,198 

04.777 

Grade  stabilization 
struct ur  -s 

Mo. 

311 

622 

311 

P’lo(xiway 

Feet 

10,650 

21,400 

io,6'..o 

Debris  and  sediment 
basins 

Nn. 

8r 

1,6:0 

8it 

\J  Includes  Tt.d  : iin  land  . 
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-:.dus*rial  acti’,d.ty 
Thertr.al-elealric  Lover  ' eveloi-iir.e.'it. 

By  2020  additioiial  plants  will  be  installed  with  a capacity  of  40,820 
megawatts,  bringing  t.he  total  installed  capacity  to  42,08l  megawatts  of 
thermal-electric  power,  Several  small  plants  -will  be  retired  during  the 
development  period.  Table  9 shows  the  location  and  size  of  these  power 
installations  and  letirements  from  the  system. 

Minerals 


Increased  development  of  mineral  fuels,  primarily  petroleum  and  ura- 
ni'um  together  with  bulk  metal  and  nonmetal  production  of  phosphate,  potash, 
molybderium,  and  trona  is  foreseen.  Coal  production  will  be  adequate  to 
meet  needs  for  theriral-povrer  generation.  Oil  shale  and  other  synthetic 
Idiel  developments  are  not  included  in  the  framework  rrlan. 


Projected  value  distribution  among  sectors  of  the  minerals  industr-y 
(Unit --thousands  of  1958  dollars) 


.'.ubre.;ion  and  minerals 

19"0 

2000 

2020 

Green  River 

Oil  and  gas 

172,000 

155,700 

48,000 

I'oal  and  gilsonite 

84,000 

358,500 

342,200 

Urani’am  and  nonfuels 

244,200 

26  1,700 

409.200 

Subregion  total 

500 , 200 

7 ■3,900 

-•■o', -.00 

■'pper  !-'a.in  Otem 

oal 

20 , 000 

39,000 

37,000 

il  and  gas 

4,000 

3,'''00 

1,100 

U ranium 

426,900 

392,000 

39:  ,000 

.'.inc 

20,800 

20.800 

’0,800 

All  other 

Tl,n00 

11Q.600 

136,1.00 

Gubr’egion  t.otal 

5o5,300 

5T5.000 

5;' ".500 

• an  • uan-  'olor-ado 

■oal 

6';,  000 

1 7.000 

1 

1 il  and  gas 

L'4,800 

1.7,500 

8h,  .50 

"i-at.ium 

..'40,400 

, '44 , too 

I " .'■0 

All  other 

37.000 

■‘0,800 

0 

p 
( — 1 

hubr-egion  ?olal 

*o7,200 

525,600 

r.  ^ • r ^ 

5 -V-' 

•Regioi.  ‘o'al 

I. h 3,',  too 

1 , 884 , hoc 

. '1-.  . '■ 

FART  VI 


FRAMEWORK  PLA!-!  .AI;D  AL'PEPEATITCO 


flunicijial  and  ir.dustrial  Water- 


Future  municipal  and  industrial  water  supply  requirements  -will  be 
met  by  developing  additional  surface  and  ground  water  sources.  In  a few 
isolated  cases,  needs  will  be  met  by  conversions  of  irrigation  use  to  mu- 
nicipal and  Industrial  uses.  The  amount  of  -vrater  these  conversions  rep- 
resent is  small,  however.  Use  of  surface  sources  will  be  by  far  the  most 
common  means  and  account  for  the  largest  segment  of  meeting  the  futui-e 
needs.  This  is  borne  out  by  the  fact  that  authorized  projects  are  under- 
•way  or  will  be  constructed  in  all  major  areas  of  expanding  needs.  Wnere 
populations  are  lightly  concentrated,  m.ultipurpose  projects  have  been 
planned  and,  in  many  cases,  are  authorized  with  adequate  allocations  for 
.municipal  and  industrial  requirements  developed  I’rom;  projections.  It  is 
estimiated  that  70  to  80  percent  of  the  future  v.^ater  supply  in  each  time 
frame  would  be  met  by  non-Federal  development.  Because  ol'  the  rural 
character  of  the  region,  many  small  comn-.unity  systems  -will  be  developed 
by  non-Federal  funds. 

feli'-supplied  systems  delivering  ground  water  will  continue  to  make 
up  a small  portion  of  the  future  industrial  supplies.  The  program  ir.cludes 
installation  of  water  development,  conveyance,  and  ti-eatment  facilities. 

Recreation  - fish  and  wi.ldlife 


Recreation 


Recreation  land  and  water  facilities  ’will  be  made  available  for  res- 
ident and  nonresident  use,  totaling  an  increase  of  about  170  million 
recreation-days  by  7020.  About  435 >000  acres  of  additional  latid  -will  be 
developed  for  recreation  .needs.  Undeveloped  lands  -will  be  managed  foi-  op- 
timu.m  recreation  use  as  well  as  other  compatible  uses.  Increased  use  of 
multiple-use  land  for  recreation  is  desirable.  In  addition,  many  large 
areas  -would  provide  more  recreational  opportuni ‘ ies  if  better  access  vwere 
provided . 

it  is  important  that  land  use  s'  uiies  be  completed  to  determii.e  ‘ :.e 
best  uses  of  all  lands  ir.  th.e  region.  Ac  n part  of  this  * y;’e  analysis, 
ordimum  carr-yirig  capacities  of  recr*’a‘ iet:  lar.de  would  be  established  and 
the  areas  ad-mind  stered  accordingly  to  prevent  deteriora*- ic.  of  ‘he  re- 
source base  and  to  ir.sure  quality  e.xpcrience  to  -^he  recrea’ ionis' s . .'ince 
most  of  the  dem.ati'i  for  reci-eatlo:.  opportunities  is  generatec;  by  nor. res’ - 
lerds  of  *-he  region  and  the  quali*y  of  tjip  r-eg.io:.' s reer'eation  resources 
is  still  relatively  high,  sp'-oial  care  would  be  taken  insure  -well - 
plat.r-.ed  development  of  faeili  ‘ ies  ar.  i measures  woul.i  be  ir.itia'eJ  ‘o  ; r-e- 
ver.'  .v.'erde-.'elopme:.' , overuse,  or-  misuse. 

.’peciai  will  be  mai'-  ‘o  i:;er.-:iC”  or  r o’-"  uni  * i"C  t'or-  ’•ecr--’-i- 

‘ iorra  L -JCe  of  -witer-  in  s'r-e-i.m;-  a-  ; . i v,-;-!''  ju  ■ --i  i 

■o-.;d  n; i ' . t-J  'll  - -o:'-wa;.-  a'-quic  i ‘ i e:. , •(:  ; ••.■•.•ise;  1 y’rdi'io-. 
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Service  facilities,  especially  lodging  and  restaurants,  are  needed 
to  suppoi-t  the  increased  tourism  and  recreation  activities.  Development 
oriented  to  year-round  rather  than  seasonal-type  use  would  justify  the 
construction  of  such  service  facilities. 

Fish  and  Wildlife 


Flans  and  programs  for  sport  fishing  facilities,  including  fishi.ng 
impoundments,  access  development,  fish  hatcheries,  and  habitat  improve- 
ment and  management,  are  planned  to  meet  a fishing  demand  which  will  more 
than  double.  Sport  hunting  facilities  and  programs,  including  land  ac- 
quisition and/or  development,  access  roads,  and  habitat  management  and 
improvement,  are  planned  for  a hunting  demand  which  will  almost  double. 
Table  10  lists  these  practices. 

Export  of  water 

Existing  facilities  for  exporting  water  from  the  basin  to  meet  in- 
dustrial, municipal,  and  irrigation  needs  will  be  enlarged  and  new  facil- 
ities constructed  as  required.  In  Colorado  existing  facilities  and  er.- 
largements  of  collection  systems  will  provide  most  of  the  capacity  for 
export.  Projects,  some  of  which  are  listed  below,  are  under  constiaiction 
or  are  planned  for  construction  in  the  near  tiiture.  The  San  Juan-Chama 
Project  export  facilities  in  Colorado  and  New  Mexico  are  under  construc- 
tion for  export  of  110,000  acre-feet  to  the  Rio  Grande  Basin  in  New  Mexico. 
Utah  is  in  the  process  of  constructing  facilities  to  export  l66,000  addi- 
tioiial  acre-feet  of  water  from  the  Uinta  Basin  to  the  Great  Basin  thi’ough 
the  Bonneville  Unit  of  the  Central  Utah  Project.  This  figure  includes 
29,500  acre-feet  of  reservoir  evaporation  associated  mth  the  transmoun- 
tain diversion.  Other  planned  developments  under  studj'  could  increase 
the  Utah  total  to  467,000  acre-feet.  Wyom.ing  has  constructed  a part  of 
the  Cheyenne-Laramie  transmountain  diversion,  which  will  have  an  ultimate 
capacity  of  31'000  acre-feet,  and  plans  include  additional  diversion  of 
154,000  acre-feet  to  the  North  Platte  River  starting  in  198O. 

Water  quality,  pollution  control,  and  healuh  factors 

'Water  depletions  will  nearly  double  during  the  study  period  and  ad- 
ditional salt  pickup  will  occur. 

A Colorado  River  Basin  salinity  program  is  proposed  w)iich  would  main- 
tain the  salinity  concentration  at  Lees  Ferry  at  abou;  present  levels. 

The  programs  (not  fully  evaluated  until  I'esearcli  and  demonstration  iwo.'- 
ects  underway  or  proposed  have  been  completed)  i.aclude  plugging  wells  a:id 
springs,  desalting  the  flow  of  springs,  controlling  diffused  sources,  aiiii 
minimizing  the  pickup  of  salts  by  various  irrigation  system  imin'ovement s . 

Acid  mine  drainage  from  active  and  abandoned  hard- rock  mines  would  be 
reduced.  About  75  percent  of  tliesc  mines  are  located  in  the  Ippei'  Main  f'e 
Gubregion  and  the  remaining  25  percent  are  located  in  th.e  .■ar.  •'uan-  'olorado 
Cubregioi.. 
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Tab'.e  10  - Pro.'ieo' ■■“<!  spot-*  f i-'.-ii!.)-:  and  -;port  hunMng 
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I 

I 

[ Waste-water  treatment  facilities  will  be  built  to  accompar.y  all  new 

facilities  and  the  backlog  of  presently  needed  facilities  -will  be  o'»^ercome. 
A minimum  of  conventional  secondary  or  equivalent  treatment  will  be  re- 
quired for  all  domestic,  municipal,  and  industrial  waste  watei's.  Disin- 
fection of  effluents  v/ill  be  required  as  necessar;v'.  Removal  of  nutrients 
from  waste  waters  will  probably  be  needed  in  some  areas  by  198O.  Toxi- 
cants and  other  chemical  pollutants  will  be  removed  as  needed  to  comply 
■.d.th  water  quality  standards.  Ground  water  resources  -will  be  protected 
from  contamination  by  domestic,  municipal,  and  industrial  v/astes. 

Watershed  protection  is  planned  for  forest,  rangeland,  irrigated, 
and  dryland  to  overcome  pollution  from  land  ininoff.  Thermal  dischai-ges 
would  be  controlled  at  the  source.  'The  relationship  of  minimum  stream:- 
flow  to  -water  quality  requirements  would  be  studied.  Environmental 
health  programs  are  planned  which  will  emphasize  increased  protection  and 
surveillance  of  domestic  water  supplies  and  initiate  better  control  and 
monitoring  of  air  pollution,  solid  waste  disposal,  radiological  pollution 
and  disease  vectors . 

Costs 

Summaries  of  program  costs  for  water  development  only  and  foj-  total 
program  costs  for  watei'  development  plus  associated  development  are  pre- 
sented (Tables  11  and  12).  Installation  costs  correspond  to  those  struc- 
tures or  progra.ms  that  will  be  needed  to  meet  the  regionally'  interpreted 
03ERS  requirements  after  the  base  year  I965.  Operation,  maintenance,  and 
replacement  costs  are  directly  tied  to  the  structures  or  programs  to  be 
i.'iStalled  and  generally  reflect  the  annual  ftinds  required  at  tlie  end  of 
the  stated  period.  Cost  estimates  are  in  constant  dollars  indexed  to 
1965  levels. 

Installation  costs  are  estimated  by  the  two  genei’al  components  des- 
igr.ated  as  specific  and  joint  facilities.  Specific  facilities  are  tliose 
readily  identified  with  one  major  function  \with  costs  data  drawn  from  ’ he 
programs  developed  in  the  several  appendices  and  costs  foi-  t.te  facilities 
to  convey  water  to  the  point  of  use  by  these  programs,  joint  facilities 
are  those  serving  two  or  more  functio.'is  such  as  reservoirs,  mal:,  cor.vey- 
ances,  structures,  and  collection  systems.  Joint  costs  are  prorat. ed  to 
the  appilicable  major  function  based  upon  proportioi.ate  use  of  'he  facility. 

Included  in  ttie  program  costs  for  water  developme:.^  only  are  all 
joint  costs  and  specific  costs  for  mutdcipal  and  Indus' rial  wa'er  supply: 
irrigation  (except  for  on-farm  systems)  and  drainage;  hydropowi'r  genera- 
tior.,  hydropower  '■  ransmission,  and  conveyance  systems  to  delivoi-  cooli'.;' 
watei'  to  themal -electric  plants;  flood  control:  wat.er-hased  recreatioi.; 
fishery  improvements  and  waterfowl  habitat  development;  wat.er  quali'y  ex- 
cept salirdty  cor;trol:  land  marageraent  for  erosion,  sedimeii'  , a:.d  lain  :'f 
control  on  all  lands  and  water-yield  imj'rovements  on  rciiej'al  Inn.ic;  i ; 
other  wat.er  resource  dovelopmetit , includi:ig  exnoi-'  . 
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The  installation  costs  of  salinity  control  features  for  the  combined 
Upper  and  Lower  Colorado  River  Basins  are  estimated  to  be  $2Ul  million. 
The  estimated  annual  operation  and  maintenance  cost  after  completion  of 
constraction  is  $7,590>000-  Salinity  control  costs  are  not  included  in 
the  cost  tables. 

The  prograni  costs  for  associated  development  include  specific  costs 
for  on-farm  irrigation  systems;  thermal-electric  plants  and  the  transmis- 
sion lines  th°''efrom;  nonwater-based  recreation;  and  fish  and  wildlife 
for  improving  hunting,  other  than  waterfowl  hunting,  by  managing  and  im.- 
provirg;  the  habitats,  acquiring  and  improving  access  to  hunting  lands, 
and  species  m.anagem.ent . 


Adequacy  of  Framework  Plan 


Land  and  water  supply  is  generally  not  a limiting  factor  in  the 
framework  plan  in  meeting  the  regionally  interpreted  OBERS  level  of  de- 
velopment . 


Agricultural  sector 

The  framework  plan  will  meet  regionally  interpreted  OBERS  production 
goals  from  irrigated  lands  by  developing  new  land  and  water  and  increas- 
ing production  on  the  present  lands.  Although  100,000  acres  of  drv  crop- 
land are  shifted  to  other  uses,  the  remainder,  using  proper  management, 
is  adequate  to  meet  requirements.  Although  7.1  million  acres  of  grazing 
land  will  be  retired  or  shifted  to  other  uses,  forage  production  will  be 
adequate  to  support  the  livestock  industry  and  wildlife  requirements. 
Timber  production  requirements  will  be  met  only  if  the  accelerated  pro- 
grams are  put  into  effect. 

Waters'ned  management  and  flood  control 

V/atershed  management  treatment  programs  will  reduce  the  m.an-created 
erosion  and  sediment  production  and  associated  damage  by  4o  to  60  percent. 
'Tie  remairang  dama-ges  are  largely  geologic  in  nature  and  not  economically 
susceptible  to  treatment.  Come  natural  problems  may  be  susceptible  to 
treatment,  ^fpstream  flood  and  sediment  damage  will  be  reduced  30  to  50 
percent.  Multipurpose  reservoirs  built  on  the  stream  system  will  trap 
sediment  and  reduce  sediment  contribution  to  many  downstream  areas.  Tlie 
plan  is  in  agreement  with  existing  protection  and  development  programs. 

ITie  framewoi'k  plan  would  reduce  average  annual  flood  damages  in  the 
amoutits  shown  in  the  tabulation  on  the  following  page.  Flood  damage 
•would  be  reduced  to  a reasotjable  level  by  t?ie  structural  and  noi  struc- 
tural measures  of  the  plan.  However,  a ]arge  portion  of  the  estimated 
future  flood  darr„at:e  is  located  if.  the  sparsely  populated  upstream,  nonur- 
ban  areas  v/here  it  is  not  feasible  to  provide  all  necessary  measures  to 
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eliminate  future  flood  damaj^es.  Nonstr-uctural  flood  plain  manaf^ement 
would  be  implemented  in  urban  areas  and  other  areas  sub.iect  to  develop- 
ment to  reduce  flood  damage  by  regulating  the  use  of  flood-prone  lands. 


Subre.rion 

Estimated  average  annual 
damage  I'eduction  iii  :'l 

flood 

,000 

lUSO 

2000 

2020 

Green  River 

302 

1,053 

2,115 

Upper  Main  Stem 

485 

1,431 

2,725 

San  Juan-Colorado 

153 

871 

1,904 

Total 

94o 

3,355 

6,744 

Industrial  activity 

Proposed  thermal-electric  generation  will  meet  all  inbasin  and  a 
share  of  ad.iacent  regions  requirements.  Mineral  pi’oduction,  includir.g 
the  large  amounts  of  coal  for  thermal-electric  plants,  can  meet  all  ttie 
projected  requirements.  Planned  development  of  municipal  and  iiidustrial 
wa*:er  supply  can  meet  future  needs. 

Recreation  - fish  and  wildlife 

Generally,  an  adequate  number  of  acres  of  land  and  water  will  be 
available  to  meet  pro.iected  recreation  needs.  However,  problems  relat- 
ing to  use  of  these  resources  should  be  solved  if  demand  is  to  be  met,. 
This  will  include  providing  adequate  access,  suitable  funding  to  build 
recreation  facilities,  and  sufficient  supporting  services--especially 
food  and  lodging. 

Most  of  the  region  can  expect  to  meet  projected  fish  and  wildlife 
needs  through  2020.  However,  Arizona  and  New  Mexico  will  liave  shortages 
of  fish  and  wildlife.  A possibility  for  water  for  fisheries  in  Arizona 
and  New  Mexico  would  be  the  recommitment  of  developed  water  now  dedicated 
to  other  uses  or  purchase  existing  water  rights,  Wyoming  also  will  have 
a significant  shortage  of  game  animals.  If  wildlife  consei'vation  is 
given  adequate  recognition  as  a prominent  objective  of  development  and 
management  in  ttie  key  habitat  areas,  wildlife  habitat  will  remain  avail- 
able and  its  capacity  may  possibly  be  impi’oved,  Tliere  is  adequate  po- 
tetitial  for  botli  preservation  of  wildlife  and  increased  livestock  use  by 
balanced  management  methods. 


Export  of  wat.er 

Die  plan  includes  provision  t,o  export  water  to  adjacent,  regions. 
All  wafer  subject  to  distribution  between  regions  is  in  accordaiice  with 
existing  approv'ed  compacts  or  legal  aitreement.s . 
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Water  quality 

Plaris  for-  controlling  water  quality  are  getjerally  adequate  in  apply- 
ing corrective  measures  tl'.at  are  physically  possible  and  feasible. 

Water  supply  situation 

After  development  of  the  framework  plan,  as  described,  approximately 
8.3  million  acre-feet  of  outflow  would  pass  Lee  Ferry  in  the  year  2020 
(Figure  following  page  ?8.) 

Economic  Impact  of  Framework  Plan 

' Economic  activity  for  agriculture  and  other  projected  sectors  of  the 

economy  were  ai’.alyzed,fay  an  input-output  model  to  indicate  the  level  of 
economic  growth  by  subregions  and  time  frame.  Table  13  shows  the  figures 
for  population,  employment,  personal  income,  and  gross  regional  product. 

Population 

, Tliis  population  projection  is  based  on  economic  subregions  and  does 

, not  include  the  64,300  population  independently  projected  for  2020  for 

the  hydrology  portion  of  Arizona  in  the  Upper  Colorado  Region.  Fopula- 
i tion  density  would  increase  from.  3-8  per  square  mile  in  1980  to  5.8  in 

1 2020  for  the  economic  subregions. 

J 

: Employme  nt 

Coefficients  were  used  in  connection  with  projected  total  gi-oss 
outputs  to  project  the  employment  figures  shown.  Employment  is  pro- 
jected to  increase  126  percent  for  the  region  from  1965  to  2020. 

Personal  income 

Personal  income  projections  reflecting  economic  activity  were  ob- 
tained by  multiplying  the  projected  per  capita  income  by  the  population 
projections  (OBE).  The  major  components  of  personal  income  are  wa(:e  at.d 
salary  pa:/ments,  proprietor's  income,  property  income,  and  income  pay- 
ments under  Social  Security,  pensions,  and  similar  funds. 

Gross  regional  product 

Gross  regional  product  (GRP)  is  the  sum  of  t!ie  four  major  ex^'iendi- 
ture  components  ii\  the  regional  economy,  'fhese  are  (l)  personal  con- 
I sumption  expenditures,  (2)  government  purchases  of  goods  and  services. 

(3)  gross  private  investment,  and  (4)  net  export  of  goods  and  services. 
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Table  I3  - Population,  emijloyment , personal  income,  and 
gross  regional  product  for  ttie  framework  plan, 

L^pper  Colorado  Region 


Subregion 
and  year 

Population 

Employaicnt 

F^ersonal 

income 

Cross  regional 
product 

($1,000' 

THTooo^ 

Cireen  River 

1965 

100,579 

32,900 

213,104 

1980 

116,989 

42,233 

468,775 

735,887 

2000 

li+5,876 

55,287 

1,070,730 

1,595,067 

2020 

173,424 

65,381 

2,206,127 

3,107,250 

Upper  Nkiin  Stem 

1965 

136,725 

48,770 

333,522 

1980 

168,618 

62,726 

589,320 

870,365 

2000 

185,305 

73,566 

1,139,070 

1,630,428 

2020 

213,289 

85,742 

2,326,770 

3,257,425 

San  Juan-Colorado 

1‘)65 

99,625 

2Q,720 

183,372 

1980 

150,337 

50,363 

518,813 

813,377 

2000 

202,915 

72,035 

1,262,131 

1,751,784 

2020 

273,464 

100,088 

3,039,005 

4 , 105 , 192 

Region 

1SH>5 

336,929 

111,390 

729,998 

1,142,000 

1980 

435,944 

155,322 

1,576,908 

2,410,629 

2000 

534,090 

200,888 

3,471,931 

4,977.279 

2020 

660,177 

251,211 

7,571,902 

10,469,867 
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ON-SITE  DEPLETIONS 

I 114.872 


UPPER  COLORADO  REGION 

WATER  SUPPLY  (1914-1965), 

ON-SITE  DEPLETIONS  8 OUTFLOW  FOR  2020 

(Ip  ThoutOnds  of  Acre  Peer) 


YEAR  2020 

REGIONALLY  INTERPRETED 
\ OBERS 


V 


ON-SITE  DEPLETIONS 


outflow! 


REGULATING^H 
RES  EVAP  5,885 


OTHER  USESI 


IRRIGATION 


4,232 

3.294 


REGULATING 

RESERVOIR 

EVAPORATION 


ON-SITE  DEPLETIONS 


J 8,327  L 

OUTFLOW  AT  LEE  FERRT, 
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Enviroiimental  Considerations  of  Framework  Plan 

Economic  development  to  meet  the  projected  needs  with  minimum  adverse 
effects  on  the  natural  environment  of  the  region  has  been  the  basic  goal 
in  formulating  the  framework  plan.  Many  programs  and  functions  have  been 
outlined  that  would  protect  and  contribute  to  the  overall  quality  of  liv- 
ing in  the  region  in  addition  to  providing  the  basic  economic  opportuni- 
ties. These  programs  have  been  described  in  preceding  sections. 

Practically  all  programs  and  developments  would  increase  the  consump- 
tive use  of  water  and  impact  on  the  land  in  var^.'-ing  degrees.  Developmetit 
of  water  resources  in  many  instances  requires  storage  in  reservoirs  for 
efficient  utilization.  Construction  of  these  reservoirs,  in  turn,  causes 
some  disruption  on  stream  regimen  and  effects  fish  and  wildlife  habitat 
and  natural  features  of  the  envirorment.  However,  with  proper  planning 
considerations  many  values  are  created  that  compensate  for  the  changes. 
Streams  are  often  regulated  for  flood  control,  sediment  is  removed,  water 
quality  fluctuations  are  diminished,  arid  the  streams  are  converted  to  con- 
ditions tliat  support  a higher  type  of  fish  life.  Reservoirs  themselves 
provide  abundant  fishing  and  other  water-based  recreation  in  this  area 
wher-e  natural  bodies  of  water  are  few  in  number  and  widely  spaced.  De- 
tailed requirements  to  control  pollution  at  construction  sites  are  in- 
cluded in  most  contracts. 

Based  on  the  experience  of  the  past  50  years,  the  proposed  programs 
will  irreversibly  commit  important  segments  of  the  region's  archeological 
resource  to  total  destruction  or  to  such  serious  impairment  as  to  destroy 
its  usetiilness  to  scientific  investigation.  This  resource  is  the  only 
source  of  information  of  the  history  of  the  American  Indian  prior  to  the 
accounts  of  the  European  Explorers,  The  loss  of  this  heritage  poses  a 
serious  dilemma  to  modern  man.  A properly  planned  and  adequately  funded 
regionwide  program  of  investigations  and  salvage  of  tlie  archeological 
resource  will  tend  to  mitigate  this  adverse  effect. 

Eliminating  the  abuse  and  placing  all  grazing  on  a sustained  yield 
basis  will  alleviate  most  of  the  adverse  effects  connected  with  grazing 
and  provide  for  required  forage  production. 

Addition  to  the  present  irrigated  land  base  of  tlie  projected  507,600 
acres  would  cause  loss  of  big-game  habitat  and  conversion  of  the  wildlife 
population  to  a fam  game-type.  Additional  contribution  of  dissolved 
materials,  pesticides,  atid  nut.rients  in  streams  will  occur  unless  proper- 
control  measures  ar-e  developed  and  applied.  Wai  erslied  management  and 
flood  coritrol  may  have  effects  on  fish  and  wildlife  habitat  and  esthet- 
ics but  will  contribute  materially  f.o  control  of  sediment,  improvement 
of  vege'ative  cover,  reduce  flood  damage,  improve  base  flows,  provide 
opet,  spaces  on  flood  plaitis  and  protect,  frail  lands. 
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If  mineral  development  is  managed  properly,  it  can  be  accomplished 
with  a minimum  of  detrimental  effect.  Strip-mining  regulations  must  pro- 
vide for  reshaping  and  revegetation;  land  subsidence  must  be  controlled 
by  leaving  sufficient  support  or  refilling  underground  excavations  or 
introduction  of  water  to  replace  liquid  petroleum.  It  is  imperative  that 
proper  management  regulates  disposal  of  tailings  and  polluted  drainage 
from  all  mining  operations. 

The  tremendous  increase  projected  in  development  of  thermal-electric 
power  would  use  a substantial  amount  of  water  but  would  occupy  orlLy  a 
relatively  small  land  area  for  plant  and  associated  mining  activities. 
Problems  that  need  careful  attention  to  minimize  adverse  impacts  on  the 
enviroriment  include  disposal  of  waste  heat,  stack  emissions,  and  location 
and  construction  of  large  transmission  lines.  Emission  of  sulftir  prod- 
ucts from  fossil-fueled  plants  can  become  a major  problem  in  this  area  of 
relatively  clean  air  even  considering  the  low  siflf’ur  content  of  most  of 
the  region's  coal. 

Accelerated  timber  managemec:  practices  are  needed  to  enhance  the 
lor.g- range  quality  of  humiai.  envirormient  which  includes  both  appreciation 
oi‘  .’latural  beauty  and  the  need  for  basic  materials  for  food  and  shelter. 
Special  measures  are  taker,  to  accelerate  the  growth  of  new  forests  needed 
to  meet  the  rapidly  increasing  demand  for  wood  for  homes,  offices,  ware- 
houses, plastics,  paper  a.nd  literally  hundreds  of  items  now  considered 
essential  everyday  items.  Timber  harvesting  in  the  region  is  designed 
to  remove  the  overmature  trees  whicli  are  a hazard  to  recreatiordsts  and 
also  to  make  more  space  available  for  j^ounger  trees  to  mature. 

The  resultar.t  cutting  patterns,  if  carefully  designed,  can  add  to 
the  r;atural  beauzy  of  an  area  b>  creatirig  new  ''open  space"  for  new  re- 
creation opportutdties , creating  improved  wildlife  habitat,  and  increas- 
ing water  yield. 

The  region  .now  provides  unexcelled  opportu.nity  for  recreation  to  en- 
hance the  quality  of  living  for  nonresidents  as  well  as  the  comparatively 
sparse  resident  population.  However,  if  projected  needs  ai'e  met  in  the 
future,  a treme.-.dous  increase  in  pressure  is  anticipated  and  carellil  con- 
sideration must  be  given  to  mariaging  the  natural  enviro;jnent  to  avoid  U!i- 
warranted  deterioration.  Proper  design  and  management  of  resort  areas, 
campgrounds,  and  other  facilities  would  alleviate  concentrations. 

The  projected  increase  in  population  leaves  the  region  with  a very 
low  average  density  and  few  urban  concentrations.  Construction  is  pro- 
.iected  to  alleviate  the  present  backlog  of  sewage  treatment  facilities 
and  upgrade  treatment  for  future  time  periods.  Plans  have  also  bee;,  made 
for  control  of  air  pollution,  solid  waste  disposal,  radiological  Hazards . 
and  disease  vectors. 
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States'  Alternative  to  the  Framework  Plan 


Elements  of  plan 

For  comparative  purposes  the  states  proposed,  as  one  alter-native,  a 
plan  utiliziiif^  the  same  depletion  amount.  (6.55  million  acre-feet  per  annum') 
as  the  framework  pla!i.  Under  this  alternative  the  state  distribution  of 
cor'.sumptive  use  equals  the  Upper  folorado  Itiver  Conpact  percenta.^e  allot- 
ments witti  adjustments  in  t^pes  of  uses  expressed  by  the  respective  stales 
(Table  li^'l . ' 

In  the  framework  plan,  there  is  the  need  to  serarice  a large  electric 
powei-  market  from  potential  tliel-burning  electric  powerplants  in  the 
Upper  Colorado  Region.  Each  of  tlie  States  of  Colorado,  New  Mexico.  Utai.. 
and  Wyoming  lias  programmed  a part  of  its  coal  and  water  resources  for  the 
production  of  such  energy.  Previously  the  states  liad  agreed  to  maiiitaii. 
proportionate  levels  of  water  development  very  close  to  their  respective 
percentage  allotments  in  the  Upper  Colorado  River  Compact . Without  up- 
set cing  a multitude  of  water  uses  set  forth  in  the  framework  plan,  the 
approximate  state  percentages  could  be  maintained  only  by  an  artAtrary 
issignment  to  each  state  of  portions  of  the  needed  themal-el ecti-ic  power 
inst allations  as  necessary'  to  bring  each  state's  total  water  uses  to 
amounts  approximating  the  compact  percentages.  Although  this  assignment 
depicted  a reasonable  satisfaction  on  a regionwide  basis  of  the  require- 
ments for  a framework  plan,  there  were  certain  features  olyiectionable  to 
Colorado  and  Utali. 

Ci’.anges  made  from  tlie  basic  dat.a,  contained  in  the  framiework  plan, 
are  given  in  the  following  narrative  and  in  Tables  l4.  15,  and  16. 

Arizon.a  retained  its  exact  allotment  of  50.000  acre-feet  per  an.n.um 
in  the  revised  year  2020  distribution  with  no  cliange  in  t.\pes  of  uses, 

Colorado  varied  its  water  depletions  for  iPll  and  supplemental  ir- 
rigated land  by  88,000  acre- feet,  less  in  l'’>80;  145.000  acre-i'eet  more 
in  2000;  and  31.500  acre- feet  more  in  2020,  irrigated  lan.d  acreage 
'.■aried  by  l8,000  less  acres  in  1080:  80.000  more  acres  in  2000;  an.d  i ,500 
acres  more  in  2020,  An  oil  sliale  industry  of  1 million  bari'els-pe r-da,’, 
capacity’,  with  a support  population  of  78,000  depletini-:  '■P',000  acre-i’eet 
annually,  was  added,  A coal -byproduct s plant,  using  15.000  acre-feet, 
and  a potasli  plant,  capacity  1.5  million  tons  amiually.  using  ‘''>.500  aciv- 
feet  annually,  are  projiected.  Exports  are  increased  by  2.400  acre- feet 
and  fisti  and  wildlife  by  600  acre- feet  annually.  It.  appears  that  Colo- 
I’ado  would  deplete  its  51.75-percent  allotment  by  tlic  year  2000.  'iliormal- 
electric  power  installed  capacity  is  lessened  by  ‘•'>,6''>0  megawatts  from  t.lie 
framework  plan,  depleting  l46,400  acre- feet  less  atinually.  In  addition:. 
.''’2,100  acre-feet  of  irrigation  water  would  be  transferred  between  2001 
and  2020  to  meet  municipal  and  industrial  requirements. 
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Table  15  - Projected  inatalica  capacity  and  water  depletions 
for  thermal-electric  power  general i 'n  for  the  slates' 
alternative  to  the  framework  plan 
(6.5  MAP  level  of  development) 

Upper  Colorado  Region 


Installed 

capacity 

and  cons 

lumptive  use 

1980 

2000 

2020 

Subregion 
and  state 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 
watt s 

1,000 

acre- 

feet 

Green  River 
Colorado 
Utah 
Wyoming 

663 

959 

2.213 

9.1 

lU.l 

33.2 

4,663 

7,559 

9,913 

69.1 

113-3 

148.7 

4 , oo5 

7,559 

9.913 

69.1 

113-3 

l48.7 

Subregion  total 

3,835 

56.7 

22,135 

331.1 

22.135 

??1. 1 

Upper  Main  Stem 
Colorado 

123 

1.6 

1,12:5 

16. 6 

1.12;.. 

16.6 

Subregion  total 

123 

]. . 6 

1,123 

lo.  6 

1.12? 

Id.'- 

San  Juan-Colorado 
Arizona 
Colorado 
New  Mexico 
Utah 

2,310 

0 

5,623 

T.i+oo 

34.1 

0 

90. 0 
111.0 

2,310 

i.soc 

5 . (525 
O.dCC 

' ^ • 
1-8. 

. * 1 ' ' 
: .'  00 
■ * !.  ' "5 

0,900 

;0.1 

. 0 

148.  ‘ 

Subregion  total 

15,333 

235-1 

19.33.- 

..  ‘T  . i 

2'  D.V 

Ari zona 
Colorado 
New  Mexi eo 
Utah 
'.'/y  oming 

2,310 

786 

5,623 

8,359 

2,213 

34.1 

10.7 

00. 0 
125-4 
S- .2 

2.310 
7.286 
'5, 62  3 

17..V-0 

9,913 

108.  J 
00.0 
201.8 
148.7 

. ,.-10 
7 • • '80 
' .it’? 
17.4SO 

9,913 

30.1 

108.2 

' . ii 

201.8 

148.” 

Region  t dal 

19,291 

pO"! . h 

4p , ‘<^1 

o4:-.S 

42 , ‘^oi 

o04 . 4 

FAR?  vr  RRA'-^IWOR'-;  FLA  . .A;1-  AF •■::.ATr'.TS 


Table  l6  - Irrii;ated  land  use  and  on-sltc  vater  deFle*-ions 
for  the  sta*-es'  alternative  to  the  franie'.v'ork  plnr. 

(6.5  Mli’  level  of  developinen*' ' , 

Ifpper  Colorado  Ke^^lon 


;'ta*  e 

Tofal 

Irriitated  land 
' 1-000  acres' 

.'uppleaien.'  al ! 

V.’ater 
depletions 
(1.000 
acre- feel ' 

Arizona. 

10.0 

1980 

7.0 

'olorado 

985.'^ 

co.5 

1 . 391 . 1 

\ew  ^!exico 

lOh.2 

5.5 

2I5.O 

350.8 

tt.o 

5%.i 

.■.'yordnr 

Tl+l.t 

5^’’.  0 

-otal 

1,791.9 

15t.O 

2.55.^  ■ 

Arizona 

0.1 

2000 

1.0 

■•'olorado 

1 ,lb7.1 

170.2 

1 , T? . 

Ke'.v'  Me.xico 

1 '1 . 

5.5 

lll.o 

Utah 

371.1 

111. 

or '.1- 

.vyonii  rv: 

•’"0.  • 

■ . " 

107 . 0 

Total 

Z.i  ''  .■ 

;'vri"or.a 

■K  ■* 

OOJO 

■AO 

Colorado 

1.15S.1 

1 ’. 

1.  '5^.5 

y.exxQo 

1-1.,' 

r. 

lll.o 

lta;i 

ii'\ 

'.'05.  - 

..'yonunv 

■’O. ' . ^ 

■7-.-.1 

^0 1 al 

-.ii-.i 

■ . . ■■■ 

i.  'upplemerr  nl  acreage  included  in  ’otai. 
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stalled  generating  capacity.  However,  mineral  production  would  materi- 
ally increase,  and  an  additional  municipal  and  industrial  use  of  11,800 

acre-feet  would  be  required  to  serve  a population  increase  of  64,500.  , 

Utah  desired  that  a much  greater  portion  of  its  potential  thermal- 
electric  power  production  be  included  and  projected  an  additional  11,700 
megawatts  to  be  installed.  This  required  a support  population  of  26,000 
people.  Utah  also  added  an  oil  shale  industry  with  a capacity  of  500,000 
barrels -per- day  with  a support  population  of  39jOOO  people.  In  order  to 
stay  within  its  23-percent  allotment,  Utah  revised  downward  its  irrigation 
acreage  (-10,500  acres)  and  likewise  revised  downward  (-200,000  acre-feet 
annually)  its  export  to  the  Bonneville  Basin. 

Wyoming  also  suggested  no  changes  in  its  type  of  uses  but  revised 
its  irrigation  depletions  downward  900  acre-feet  per  annum  to  stay  ex- 
actly within  its  l4-percent  allotment. 

Economic  Impact 

The  regional  input-output  model  was  used  to  measure  the  economic  im- 
pact of  the  states'  alternative  plan.  Figures  are  tabulated  below  for 
the  resulting  population,  employment,  personal  income,  and  gross  regional 
product. 

Population,  employment,  personal  income,  and  gross  regional  product 


for  the  states'  alternative  at  6.5  MAF  level  of  development 


Subregion 
and  year 

Popula- 

tion 

Enploy- 

ment 

Personal 

income 

Gross 

regional 

product 

($1,000) 

Ui,ooo) 

Ireen  River 

1980 

115,217 

41,593 

461,675 

721,730 

2000 

143,377 

54,340 

1,052,387 

1,558,498 

2020 

205,371 

77,425 

2,612,524 

3,494,116 

Upper  Main  Stem 

1980 

167,861 

62,444 

586,674 

867,018 

2000 

240,332 

95,412 

1,477,321 

2,389,201 

2020 

257,968 

103,703 

2,814,173 

3,993,444 

San  Juan-Colorado 

ToHo 

163,447 

54,755 

564,056 

917,030 

2000 

212,233 

75,3^3 

1,320,089 

1,848,662 

2020 

282,831 

103,516 

3,143,100 

4,224,931 

Region 

1980 

446,525 

158,792 

1,612,405 

2,505,778 

2000 

595,942 

225,095 

3,849,797 

5,796,361 

2020 

746,170 

284,644 

8,569,797 

11,712,491 
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States'  Alternative  at  the  8.16  Million  Acre-Root 
Level  of  Development 

Elements  of  plan 

This  is  an  alternate  plan  of  development  which  reflects  8.16  million 
acre- feet  of  man-made  depletions  in  the  Upper  Basin.  It  includes  the 
amounts  of  water  evaporated  from  main  stem  reservoirs.  This  plan  assumes 
the  Colorado  River  water  supply  would  be  firmed  to  meet  the  division  of 
water  by  the  Colorado  River  Compact.  Depletion  distribution  among  the 
states  in  2020  equals  their  percentage  shares  under  the  Upper  Colorado 
River  Compact. 

Development  of  some  resources  would  not  be  limited  by  present  water 
availability.  States  have  assiimed  that  a market  for  the  increased  pro- 
duction associated  with  this  level  of  development  would  readily  be  ab- 
sorbed within  national  and  increasing  western  markets.  This  is  especially 
true  since  the  added  increment  is  a small  part  of  the  national  market 
and  would  accordingly  have  a small  impact. 

Table  17  en-umerates  water  depletions  by  states,  subregions,  types 
of  use,  and  by  time  frames  198O,  2000,  and  2020,  and  Table  I8  details 
the  installed  capacity  and  water  depletions  for  thermal-electric  gener- 
ation. 

Arizona  retained  its  allotment  of  50,000  acre-feet  for  2020  with  no 
changes  in  types  of  uses  previously  described  for  the  framework  plan. 

Colorado  plans  to  irrigate  1,256,300  acres  in  2020,  which  is  104,400 
acres  more  than  the  framework  plan,  with  a depletion  of  1,941,500  ac”e- 
feet.  Oil  shale  conplexes,  starting  in  the  I98I-2OOO  time  frame  and 
totaling  2 million  barrels-per-day  capacity  by  2020  are  anticipsted  as 
divided  equally  between  the  Green  River  and  Upper  Main  Stem  Subi-egions. 

A coal  byproducts  plant,  using  15,000  acre-feet  in  the  San  Ju&n-C-^lorado, 
and  a potash  plant,  capacity  of  1.5  million  tons  annually,  using  9»500 
acre-feet,  are  projected.  Fish  and  wildlife  uses  would  total  71,400  acre- 
feet,  a substantial  increase  over  the  framework  plan.  Thermal-electric 
power  capacity  of  approximately  10,000  megawatts  would  deplete  153,200 
acre-feet  annually.  Export  would  increase  to  I.36  million  acre-feet  an- 
nually. This  plan  woiold  meet  regionally  interpreted  OBERS  requirements 
for  all  sectors  except  power,  which  would  be  met  by  Utah. 

New  Mexico  plans  no  change  in  agriculture,  fish  and  wildlife,  or 
recreation  from  the  framework  plan.  Population  by  2020  is  estimated  at 
189,500  and  the  minerals  industry  is  projected  to  increase  as  a result 
of  available  reserves  and  national  need.  Thermal-electric  powerplant 
installed  capacity  would  be  5»623  megawatts.  Export  to  the  Rio  Grande 
Basin  via  the  San  Juan-Chama  Project  would  be  increased  125,000  acre- 
feet  over  the  framework  plan  for  a total  export  of  243,000  acre- feet. 
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Table  l8  - Projected  installed  capacity  and  water  depletions  for 
thermal-electric  power  generation  for  states'  alternative  at  the 
8,l6  MAF  level  of  development,  Upper  Colorado  Region 


Installed 

capacity 

and  consumpt 

.ive  use 

1980 

2000 

2020 

Subregion 
and  state 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 
wat  ts 

1,0CG 
acre- 
fee  , 

Mega- 

watts 

1,000 

acre- 

feet 

Green  River 
Colorado 
Utah 
Wyoming 

663 

959 

1,1463 

9.1 

11. 1 
22.0 

1,663 

8,559 

2,163 

69.1 
128 . 3 
37.0 

1,663 

8,559 

9,913 

69. 1 
128.3 
118.7 

Subregion  total 

3,085 

15. 5 

15,685 

23I.I 

23,135 

3I6.I 

Upper  Main  Stem 
Colorado 

123 

1.6 

1 , 123 

61 . 6 

1,123 

61.6 

Subregion  total 

123 

1.6 

1,123 

61 . 6 

1 , 123 

61.6 

San  Juan-Colorado 
Ai'izona 
Colorado 
New  Mexico 
Utah 

2,310 

0 

5,623 

7.100 

31.1 

0 

90.0 

111.0 

2,310 

1,500 

5,623 

10,900 

31.1 

22.5 
90.0 

163.5 

2,310 

1.500 

5,623 

10.906 

30.1 

22.5 
90. 0 

1 63 . 5 

Subregion  total 

15,333 

235.1 

20,333 

310. 1 

20.N-3 

306.] 

Arizona 
Colorado 
New  Mexico 
Utah 
Wy  om i ng 

2,310 

786 

5,623 

8,359 

1,163 

31.1 

10.7 

90.0 

125.1 

22.0 

2,310 

10,286 

5,623 

19.15^ 

2,163 

31. 1 

153.2 

96.0 

201.8 

-7.0 

2.310 
iC.SSo 
5 . o2  3 
19.1to 

9,913 

30. 1 
153.2 
90.0 
29'  .8 
118.7 

R<'-gion  total 

18,511 

282.2 

1+0,  il  1 

006. 1 

17,591 

7:3.8 
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Utali  would  increase  its  use  by  irrigated  crops  10,700  acre-l’eet  over 
the  framework  plan  and  irrigate  about  401,200  acres  by  2020.  There  are 
no  changes  in  fish  and  wildlife,  recreation,  or  stock-pond  evaporation 
and  livestock  use.  Export  to  the  Great  Basin  by  2020  would  increase  to 

447.000  acre-feet,  which  is  20,000  acre-feet  less  than  the  framework 
plan.  Major  changes  are  increased  thermal- electric  power  to  19,b00 
megawatts  installed  capacity  and  increased  mineral  activity,  including 
mining  coal  for  powerplants,  a million  barrel-pei-day  shale  oil  output, 
processing  oil-impregnated  sandstone,  and  conversion  of  coal. 

Wyoming's  development  includes  a substantial  increase  in  the  mineral 
industry,  including  a million  barrel-per-day  shale  oil  production,  de- 
pleting 97,000  acre-feet  of  water,  and  conversion  of  coal,  Trotia  plant 
capacity  would  continue  to  increase.  Population  would  increase  to  148,000 
by  the  year  2020.  The  agrictiltural  base  of  irrigated  land  would  increase 
to  513,300  acres  by  the  year  2020, 

'I'hermal-electric  power  installed  capacity  is  estimated  at  almost 

10.000  megawatts.  Transbasin  diversions  to  the  North  Platte  are  estimated 
at  153,000  acre-feet,  which  is  a 32,000-acre-foot  reduction  from  the  frame- 
work plan. 


Economic  impact 

Economic  impacts  were  estimated  by  use  of  the  regional  input-output 
model.  Data  are  tabulated  below  for  the  resulting  population,  era- 
pi  o:,Tnent,  perso!ial  income,  and  gross  regional  product. 


Population,  employment,  personal  income,  and  gross  regional  product 


for  the  states' 

alternative 

at  8.16  MAF 

level  of  development 

Subregion 
and  year 

Popula- 

tion 

Employ- 

ment 

Personal 

income 

Gross 

regional 

product 

(■ii,oooi 

($1,000') 

Green  River 

I9H0 

115,028 

41,525 

460,917 

■a8,',28 

2000 

139,201 

52,757 

1,021,735 

1,500,853 

2020 

355,518 

134,030 

4,522,544 

5,595,200 

Upper  Main  Stem 

1080 

167,861 

62,444 

586 ,6'(  4 

867,018 

2000 

243,487 

96 , 664 

1,496,715 

2,439,”^X) 

2020 

260,691 

104,800 

2,843,878 

4,050,576 

San  'uan-Colorado 

1980 

163,978 

54,933 

565,888 

022 , 0‘H 

2000 

214,383 

76 , 1 00 

1,333,462 

1 ,8 ’2.24q 

2020 

284,600 

104.164 

3,162,76..' 

It,  251  ,l4t 

Region 

1080 

446,867 

158,002 

1,613,470 

2000 

597,071 

225,527 

3,851.01,' 

5.8]2.'-'V 

2020 

OOO , 

342, f oh 

lO.S'^o.lPp 

1 3,005,022 

80 
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States'  Alternative--Water  Supply  Available  at  Site 
(9.44  NAF  depletions) 

Development  which  would  be  possible  if  the  states  of  the  Upper  Colo- 
rado Region  utilize  water  which  would  be  physically  available  at  site  of 
project  development  is  described  briefly  below,  Tliere  has  been  no  agree- 
ment between  the  states  or  within  the  states  that  this  can  be  accomplished 
in  the  way  indicated,  but  rather  this  discussion  indicates  utilization  of 
water  that  is  physically  available  for  development.  It  is  contemplated 
that  there  would  be  shifts  between  types  of  use  as  the  needs  develop.  Tlie 
plan  would  require  substantial  augmentation  to  meet  Colorado  River  Compact 
requirements  for  delivery  at  Lee  Ferry.  If  the  Colorado  River  is  aug- 
mented below  Lake  Powell,  exchange  arrangements  would  have  to  be  made. 
Proper  consideration  of  possible  detriment  to  power  revenues  and  of  aug- 
mentation costs  will  be  required. 

Additional  uses  of  1,28  million  acre-feet  above  the  8.16  million 
acre-foot  level  are  described  briefly  by  state,  and  summaries  for  total 
uses  are  shown  in  Table  19, 

Colc/ado  has  identified  additional  uses  by  2020,  which  would  in- 
crease export  to  the  eastern  slope  of  the  Rocky  Mountains  by  113,000  acre- 
feet  annually  and  increase  irrigation  use  by  69,000  acre-feet,  primarily 
in  the  Upper  Main  Stem  Subregion, 

New  Mexico  water  depletions  would  increase  228,900  acre-feet,  pri- 
marily for  electric  power,  irrigation,  and  export  to  the  Rio  Orande 
Basin. 

Additional  developments  in  Utah  woi;ld  all  occur  in  the  period 
2001-20.  Irrigation  projects  not  previously  incorporated  in  plans  would 
require  over  200,000  acre-feet  of  water;  coal  conversion  would  double  and 
require  22,300  acre-feet  more  water;  and  a 100,000  addition  would  be  ex- 
ported to  the  i'.reat  Basin  Region. 

Project  depletions  of  the  Colorado  River  system  by  Wyoming  total 
1,588,000  acre-feet,  which  is  545,000  acre-feet  more  tlian  at  the  8.I6 
million  acre- foot  level  of  development.  Increases  in  depletions  occur 
primarily  in  mineral  production  and  export. 


1068  OBKRS 


Early  study  of  the  1968  OBEKS  projections,  as  published  for  a;;ri- 
culture,  revealed  inconsistencies  that  were  incompatible  witli  the  history 
of  agricultural  production  in  t!ie  Upper  Colorado  Region.  Ilie  primary  de- 
parture from  establisiied  practice  was  Mie  projected  source  o('  iivest.ock 
feed  required  to  meet  the  livestock  pi'oduction  assigned  to  tlie  region  by 
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tlie  national  projections.  The  published  projections  of  feed  output  were 
not  adequate  to  produce  the  livestock  output  without  very  large  feed  im- 
ports from  outside  the  region. 

Table  20  shows  the  required  imports  of  feeds  and  corresponding  sur- 
plus of  pasture  and  range. 

If  imports  were  assumed  to  be  the  source  for  supplying  the  necessarj' 
feed,  a net  reduction  of  70,700  acres  of  irrigated  land  would  ensue  from 
1965  to  2020.  This  would,  in  turn,  be  incompatible  with  present  detailed 
plans  contained  in  federally  authorized  projects  and  contemplated  private 
developments  of  401,500  acres. 

' Because  the  projection  of  livestock  production  appeared  to  be  more 

realistic  than  the  livestock  feed  requirements  and  because  of  other  tech- 
nical considerations  associated  with  the  development  of  model  coefficients, 
;i  no  further  studies  were  attempted  for  the  agricultural  sector. 

L 
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Table 

20  - Feed  crop 

imports  and 

range  forage 

surplus 

1968  OBERS 

, Upper  Colorado  Region 

Unit  price 

Amount 

Value 

(per  ton) 

(tons) 

(dollars  ^ 

Imports 

Feed  grain,  corn  equivalent 

1980 

$1+0 

163.470 

$6,538,800 

2000 

40 

405,208 

16,208,320 

2020 

40 

648,517 

25,940,680 

Hay 

1980 

25 

492,806 

12,320,150 

2000 

25 

598.576 

14,964,400 

2020 

25 

572,266 

14,306,650 

Cor:,  silage 

1930 

8 

95,612 

764 , 8oo 

2000 

8 

107,975 

863,800 

2020 

8 

100,200 

801,600 

Total  feed  crop 

imports 

1080 

19,6->23,84o 

2000 

32,030,520 

2020 

41.048,930 

Surplus  of  Present  Production 

Amount 

Unit  price 

(AliM’s'' 

Surplus  pasture 

and  range 

1980 

NA 

221,473 

2000 

NA 

50t' , 308 

2020 

NA 

"45.  ’00 
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Five  levels  of  development  are  defined  and  evaluated  in  iiiis  stud;,. 

i . e . : 


Present  (IO65)  level. 

Refdonally  interpi’eted  OBFRil- 

States'  alternative  - b.  55  acre-feet. 

States'  alternative  - 8.16  million  acre-feet. 

States'  alternative  - water  supply  available  at  site  - 0.1+!;  million 
acre-feet . 

Tlie  framework  plan,  based  upon  the  regionally  interpreted  OBKK:l  pro- 
jection, was  developed  first  and  was  used  as  the  basis  and  cornerstone 
for  other  studies.  Ttiree  "states'  alternatives"  or  choices  were  devel- 
oped to  reflect  capability  of  the  region  to  supply  goods  and  services  not 
fully  evaluated  in  the  OBERS  projections.  Tlie  I968  OBKRf  and  the  on- 
going programs  were  also  studied  and  will  be  discussed. 

Tlie  effect  of  the  various  levels  of  development  on  water  and  related 
land  resources  and  economic  and  agricultural  activity,  as  well  as  conclu- 
sions reached,  are  presented  in  this  section. 


Comparisons 


Water  suppl,\ 

Average  annual  historical  discharge  at  tlie  principal  measuring  point 
for  the  Colorado  River,  at  T,ee  Ferry,  Arizona,  averaged  12,426,000  acre- 
feet  for  the  52-year  period,  10l4  through  I965.  Because  of  variations  in 
precipitation  and  other  climatic  influences,  the  extremes  were  21,8o4,000 
acre-feet  in  1017  and  4. Ro6,000  acre-feet  in  1or4.  For  the  same  period, 
average  annual  virgin  or  undepleted  flow,  as  it  would  have  been  without 
man's  influences,  would  have  averaged  14,870.000  acre-feet. 

The  future  outflow  at  Lee  Ferry  will  depend  on  which  level  of  devel- 
opment actually  ociuirs,  as  well  as  aufsnent.at  i on . Aimneni  at  i on  pmctices 
con.aidered  as  piiss  i 1- i 1 i t i es  include  water-yield  i mprovt'inent  and  wealhei’ 
mod  1 f i cat. i on  which  may  increase  the  supply  by  about.  1 to  2 million  acre- 
feet  . 

Auftmentati  on  will  definitely  be  required  I'V  2020  for  the  two  highest 
levels  of  depletion  to  meet  Colorado  River  Compact  apiporl  i onment  to  the 
lower  basin.  Local  shortages  in  the  region  may  occur  at.  an;,  level  of 
deve 1 opment . 
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On-site  water  depletions 

Four  projected  levels  of  depletion  for  alternative  resource  develop- 
ment are  shown  in  Table  21.  The  present  base  of  I965  Is  used  as  a refer- 
ence for  projections.  Data  in  Table  21  compares  the  on-site  depletions 
of  the  four  projected  levels  of  development  for  the  year  I965  and  for  the 
year  2020.  Depletions  are  shown  by  type  of  use,  states,  and  subregions. 
Depletions  are  estimated  to  nearly  double  from  the  present  1965  level  to 
the  level  of  the  framework  plan  in  2020  and  states'  alternative  at  the  6.55 
million  acre- foot  level.  Irrigation  depletions  and  export,  which  will  ac- 
count for  about  75  percent  of  total  depletions,  will  each  increase  about  a 
million  acre-feet.  Thermal- electric  power  uses  will  have  the  greatest  per- 
cent of  increase--at  the  8.16  MAF  level  of  development  about  3,000  percent. 

Water  for  mineral  uses  will  increase  significantly  with  oil  shale  de- 
velopment being  included  in  the  three  "states'  alternatives."  For  compar- 
ative purposes  the  alternative  at  6.  55  MAF  was  defined  by  the  states  at  the 
same  total  depletion  level  in  2020  as  the  framework  plan.  Departure  from 
the  framework  plan  due  to  states'  adjustment  in  types  of  use  is  shown  in 
Table  22.  Two  additional  states'  alternatives  for  greater  depletion 
levels  were  then  defined.  Departure  from  the  framework  plan  due  to  states' 
adjustment  in  type  of  use  for  the  8.16  MAF  level  of  depletion  is  shown  in 
Table  22. 

Agricultural  activity 

Agriculture  in  this  region  is  tied  to  irrigated  cropland  production. 
Therefore,  the  increase  in  production  on  existing  irrigated  lands  and  the 
development  of  new  irrigated  land  relates  to  a large  portion  of  the  agri- 
cultural activity.  (See  Table  23.)  Projected  irrigated  acreage  for  the 
alternative  Levels  of  development  by  time  frame  is  as  follows: 


Level  of  development 

1965 

Irrigated 

(thousand 

1980 

acreage 
acres ) 
2000 

2020 

On-going  program 

1,622 

1,732 

1,878 

2,024 

1968  OBERS 

1,622 

1,499 

1,529 

1,551 

Regionally  interpreted  OBERS 

1,622 

1,794 

1,954 

2,122 

States'  alternative  (6.55  MAF) 

1,622 

1,792 

2,102 

2,118 

States'  alternative  (8.I6  MAF) 

1,622 

1,872 

2,224 

2,354 

States'  alternative  (water  available) 

1,622 

1,872 

2,259 

2,579 

The  on-going  program  is  based  on  installation  of  avithorised  Federal 
projects  and  development  of  new  irrigated  Land  by  private  interests. 
About  70  to  80  percent  of  the  present  lands  having'  s)iort  water  supply 
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will  receive  supplemental  water  in  connection  with  new  Land  development, 
except  for  the  I':;)68  OBERS  alternative.  It  is  assumed  in  the  I968  OBIHS 
level  that  agricultural  activity  will  increase  only  by  importing  feed  and 
feeder  calves  for  projected  feedlot  operations. 

Tiraoer  production  under  on-going  programs  will  increase  about  5 per- 
cent in  each  time  frame  of  the  projected  period.  The  I968  OBERS  timber 
production  shows  an  increase  of  four  times  the  present  production  by  2020. 
For  the  framework  plan  and  the  three  states'  alternatives,  production  will 
increase  about  sevenfold  over  the  present. 

Livestock  grazing  production  under  on-going  programs  is  estimated  to 
increase  only  O.3  million  AUM's  by  2020.  The  I968  OBERS  projections 
would  require  a reduction  in  going  programs  with  a resultant  waste  of  the 
resource.  The  framework  plan  shows  an  increase  of  I.3  million  AUM's.  Op- 
timum grazing  production  would  provide  an  increase  of  over  2 million  AUM's 
This  production  is  available  as  an  alternative  for  the  framework  plan  and 
the  three  states'  alternatives.  In  Table  23  it  is  shown  only  under  the 
"water  at  site"  level  of  development,  because  grazing  is  not  affected  by 
the  alternative  water  supplies  analyzed  under  the  other  two  states'  alter- 
natives. 


Industrial  activity 

Two  significant  sectors  of  industrial  activity  in  the  region  are 
production  of  minerals  and  thermal-electric  power.  Thermal- electric 

power  capacity  installed  to  supply  local  use  and  for  export  would  increase 
from  the  present  1,300  to  k'l  megawatts  at  the  highest  level  of  develop- 
ment. Mineral  activity  planned  for  the  states'  alternative  levels  includes 
four  shale  oil  plants  with  a total  capacity  of  4 million  barrels-per-day. 
Coal  conversion  by  hydrogenation  is  planned.  This,  together  with  coal 
mined  for  thermal- power  production,  approximates  200  million  tons  annually. 
Uranium  production  will  Increase  significantly.  Trona  production  in  Wyo- 
ming is  projected  to  increase  to  four  times  the  present  level. 

Fish  and  wildlife  - recreation 

Present  sport  hunting  and  fishing  demand  is  projected  to  nearly 
double  by  2020  vmder  both  the  on-going  and  the  frramework  plan.  Alterna- 
tive plans  are  based  upon  projected  population  changes.  Recreation  de- 
mand, 9Y  percent  by  nonresidents,  will  increase  fourfold. 

Watershed  management 

Watershed  management  is  planned  to  reduce  the  average  annual  damages 
by  about  50  percent  from  man- created  watershed  problems  and  about  10  per- 
cent relative  to  natural  problems.  This  program  also  includes  Improving 
water  yield  in  terms  of  'piantity,  luality,  and  timing’;  as  a result  ol'  vege- 
tal manipulation.  The  going  program  will  accomplish  about  40  percent  of 
the  framework  pl.an. 
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No  alternative  levels  of  damage  reduction  are  included  for  the 
states'  alternatives  because  programs  such  as  oil  shale  development  are 
planned  to  include  the  necessary  -watershed  protection  measures  as  a part 
of  the  development  cost  itself.  The  increased  population  under  alterna- 
tive levels  and  resultant  impact  on  the  watershed  ma;,'  increase  the  cost 
of  accomplishing  the  planned  protection.  Adequate  data  to  estimate  the 
costs  are  not  available. 


Flood  control 

One  basic  plan  has  been  prepared  for  flood  control.  However,  flood 
damage  and  damage  reduction  have  been  evaluated  for  two  alternative 
levels  of  development.  A comparison  of  estimated  average  annual  flood 
damages  (I965  prices  and  project  conditions)  under  the  framework  plan 
and  the  alternative  projections,  exclusive  of  "water  available  at  site," 
follows: 


Estimated  average  annual  flood  damage 
(thousands  of  dollars) 


States ' 

alternative 

1965 

Framework 
plan 
in  2020 

6.55  million 
acre-feet 
in  2020 

b . 16  mill  ion 
acre-feet 
in  2020 

2,792 

10,600 

10,900 

11,900 

The  flood  damage  reduction  under  these  alternative  levels  of  devel- 
opment is  shown  in  Table  23- 


Economic  activity 

Comparisons  of  population,  employment,  gross  regional  product,  and 
personal  income  are  shown  in  Table  23. 

Costs 

Cost  data  have  previously  been  presented  for  water  development  and 
associated  development  programs  for  the  framework  plan.  Average  annual 
expenditures  for  water  development  during  the  5-yPar  period  l'-">65-6‘' 
were  also  compiled  from  agency  and  state  reports.  Comparison  of  tliese 
data  is  shown  on  the  following  page. 
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The  large  expenditures 

for  the  associated  deveiopme 

•nt  pr. 

igrarr.  are 

primarily  designated  for  the  acquisition  and  development  of  re-reat Iona! 
land  and  facilities  and  the  installation  and  operation  of  therinal-electri.- 
generating;  plants. 

The  1965-69  figui’es  represent  the  averagt-  i;i  a tteriod  of  declining; 
Federal  expendltores . Compared  to  the  $6^.  ' million  avei-ag.e,  ^ esti- 
mates showed  $'(’6.0  million  and  1969j$’^  .*d  million.  IJon- Feiieral  expiendi- 
tures  remained  at  about  the  same  level  durint'  the  196 V 69  I'criod. 


Conclusions 


The  framework  plan  as  outlined  is  gejieral  in  nature  and  presents  one 
way  in  which  the  region's  water  and  related  land  I’esources  can  in?  devel- 
oped and  utilized  to  meet  projected  demands  througli  the  year  .?0F0.  Thi’(‘c 
states'  alternative  plans  were  formulated  to  reflect  the  capficity  of  the 
region  to  utilize  resources  and  to  supply  goods  and  soivices  not  reqaired 
under  the  I'ramework  plan. 

While  the  plan  and  the  alternati-''e  levels  of  neve  1 ojinient  were  no1 
studied  in  sufficient  deptii  to  identify  altei’nativc  means  of  rneeti;]/;  needs 
and  outline  specific  programs  and  projects,  tliey  satisfy  the  objectives  of 
delineating  the  adevquacy  of  the  region's  i-esources.  The  q)lan.','  also  iden- 
tify associated  pi’oblems  and  considerations  in  relation  to  conserving:  the 
resources  and  to  providing:  for  the  overall  well-being,  of  qjeoqjie. 

The  framework  plan  generally  meets  all  tieeds  and  demands  of  the  n— 
gionalLy  interpreted  OBIK’  jiroject ions.  The  tnree  "st.ates'  alternative" 
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pluns  also  geaeruily  meet  the  regionally  interpreted  OBERE  needs  and  de- 
rwinds  plus  additional  lieeds  associated  with  higher  levels  of  development. 

Natural  resources  are  available  to  meet  all  needs  except  for  ixirt  of 
the  water- related  recreation  demand  imposed  by  the  projected  heavy  nonresi- 
dent activities  and  shortages  resulting  from  localized  hunting  and  fishing 
pressure.  The  programs  of  watershed  management  and  flood  control  do  not 
provide  full  treat.ment  and  protection  due  to  economic  considerations.  Al- 
though ample  resources  have  been  identified  to  meet  the  other  projected 
.needs , there  are  conflicting  land  and  water  uses  which  remain  unresolved, 
■‘■dditional  studies  are  needed  to  identify  and  weigh  alternative  develop- 
ments. Land  use  studies  are  needed  to  identify  areas  which  should  be  pre- 
served and  to  designate  the  prime  use  of  areas  where  resource  avaiiabiiity 
overlaps.  Etate  water  plans  are  under  various  stages  of  preparation  along 
with  Federal  and  private  water  development  investigations.  Completion  of 
these  and  additional  studies  appeal-  necessary  to  give  a basis  for  select- 
ing deveiopraents  which  will  be  in  the  best  public  interest. 

Expenditures  would  have  to  be  Increased  substantially,  particularly 
by  the  Federal  Government,  to  accomplish  the  $2.9  billion  water- related 
programs  under  the  fr:imework  plan.  Very  large  expenditures  would  also  be 
required  by  non- Federal  interests  to  provide  for  installation  of  tlie  $7'6 
sillion  electric  power  facilities  and  the  acquisition  of  lands  for  the 
$3.2  billion  recreation  program  under  the  total  framework  plan. 

Legal  and  Institutional 

Legal  and  institutional  arrange.ments  now  provide  bi'oad  and  complex 
systems  fox-  t.he  development  and  administration  of  the  land  and  water  re- 
sources of  the  region.  The  arx-angements  provided  by  state  and  Federal 
Laws  are  largely  complementary  and  have  produced  a higli  deg.ree  of  coop- 
eration. However,  challenges  and  conflicts  have  arisen  and  still  exist 
within  the  Upper  Colorado  Region  and  in  the  relationships  with  adjacen! 
regions.  The  principal  problems  requiring  solutions  or  adjustments  are 
centered  in  tlie  field  of  reserved  water  rights,  interpretations  of  tiie 
compacts  regulating  the  vise  of  the  water  of  the  Colorado  Hiver  system, 
water  pollution,  land  use,  and  envii’onmontai  considerations.  Firther 
legal  remedies  w:Li  be  sought  as  water  resources  development  approaciies 
the  limit  of  available  supplies. 

Economic  activity 

Economic  development  restraints  imposed  by  the  relatively  large  dis- 
tance to  major  population  centers  and  markets,  the  Email  iiopuiation  uase 
and  other  factors  are  '.'xpected  to  continue  to  restrict  development  of 
many  of  the  region's  resources.  ALthoufjh  total  gross  output  is  expe-t.ed 
to  inci’ease  from  about  $vL ‘3  bill  Lon  in  1969  to  auout  $3  uiliion  in  .’dUO, 
tills  merely  maintains  tlie  relative  position  of  ttie  region  in  terms  oi’ 
the  growth  rate  projected  foi’  the  Nation. 
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W ..ter  supply 

Sul'l'ieient  water  is  physically  avaiiabie  for  on-site  repioiiai  use 
and  export  to  meet  the  needs  projected  by  the  retiionaily  interpreted 
OBiHr'  (6.5b  million  acre-feet)  and  the  three  states'  aiternativec  at  o.55. 
6.lo.  and  '1.414  million  a.-rt-feet.  However,  aup.mentat ion  of  the  Colorado 
River  system  water  suppdy  will  be  req.uii’eci  to  meet  the  higher  deveiopm<.“nt 
levels  and  downstream  commitments.  The  exact  quantity  of  augmentation 
cannot  be  determined  because  of  varying-;  interpretations  of  compacts  and 
treaties  which  affect  the  Colorado  River  Basin  water  supply. 

Land  resources 


land  resources  exist  in  sufficient  quantity  to  meet  requirements  of 
all  pi’Ojectt'd  levels  of  development.  Potentially  irrigaule  land  over  that 
used  in  1 '65  totals  7-C6  million  acres.  I'election  from  these  lands  can  ne 
made  to  meet  irrigated  land  needs  up  to  the  1 million  aduitional  acres  pro- 
jected under  the  largest  alternative.  Cf  the  60.4  million  acres  used  for 
grazing  in  l'*o5.  5.8  million  acres  should  be  I'etired  as  they  are  uiiSuitabie 
for  continued  grazing  >.se.  Placing  of  all  remaining’:  gi’azitv  lands  on  a 
sustained  yield  basis  will  q'rovide  for  increasing  forage  pj'oducticn  t'rom 
0-4  to  8.39  million  aniimil  unit  months.  The  snuill  total  requirements  for 
lU’oan,  industi’l.al  , transjioi’tat  ion , utilities;  developed  I'ecreation,  fish 
and  wildlife:  and  developed  minei’ats  can  be  selected  as  needtHl  but  will 
resuLt  in  decreases  in  Land  ;ivailable  for  gra.’.ing,  timber  production,  and 
(.try  cropland. 


Need  will  continut'  to  select  aiid  presei*ve  La.nds  I'or  wilderness,  primi- 
tive, outstanding  natural,  historic,  and  cultural  areas  and  scenic  rivers. 
Management  is  requii’ed,  uniier  the  multiple-use  concept , of  about  4i  million 
aci-es  I’or  key  habitat  of  wildlife.  Nearly  all  lands  ai-e  avaihalilo  for  ex- 
tensive use  as  undeveloped  recia-ation  and  hunting  areas. 

ConmerciaL  timber  exists  on  '■'>.4  million  ru.-res.  Reduction  in  coimr.er- 
cial  forests  of  about  225,000  acres  will  resuLt  from  convei’sion  of  forest 
iiuids  to  other  uses.  This  will  necessitate  an  intensified  t.  imi'er  manage- 
ment and  timber  harvest  program  to  achieve  the  required  product  ion- -about 
seven  times  the  present  production. 

Minerals 

There  is  ample  evidence  to  suggest  that  t.he  resource  base  of  tlu'  mori' 
impoi’tant  minerals  customari  iy  proiiuced  during  the  past  two  dec.adi's  in  the 
Upper  Colorado  Region  is  sufficient  to  meet  ail  reasonable  di-mands  through 
2020.  Tile  physical  presence  and  produetioti  potential  of  such  commodlt  it-s 
a.s  molybdenum,  coal,  and  trona  clearly  fit  this  assumption.  Oil.  gas.  and 
uranium  are  examples  of  minerals  that  appear  to  have  a less  favoraolc 
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resoiirce  base.  However,  synthetic  fuel  potential  from  oil  sliale,  rock 
asphalt,  and  coal  offers  alternatives  that  can  relieve  deninnd  pressure 
on  conventional  fuels.  The  on- coining  development  of  the  uranium  breeder 
reactor,  which  would  produce  the  fuel  plutonium,  would  also  replace  con- 
ventional fuels. 


Watershed  management 

If  no  additional  watershed  land  treatment  or  flood  protection  pro- 
grams ai'e  initiated,  average  annual  damages  will  increase  from  the  pres- 
ent million  to  $25-6  million  by  2020,  assuming  the  framework  plan 

level  of  development.  Management  and  protection  programs  include  land 
treatment  on  2h  million  acres  and  installation  of  70)000  water  control 
structures.  These  will  correct  most  of  the  existing  problems  that  can  be 
treated.  Increased  protection  is  an  integral  part  of  the  future  produc- 
tion activity.  Cost  of  the  erosion,  flood,  and  sediment  prevention  and 
the  water  yield  improvement  programs  in  terras  of  average  per-year  expendi- 
tares  for  installation  and  operation,  maintenance,  and  replacement  for 
1966  to  2020  is  $24.4  million. 

lirosion,  the  most  significant  problem  affecting  30.5  million  acres, 
requires  an  immediate  action  program  to  treat  3-9  million  acres  in  criti- 
cal erosion  condition. 

Watershed  treatment  programs  needed  to  correct  tlie  treatable  exist- 
ing problems  will  be  the  same  for  all  alternatives,  and  will  be  accom- 
plished if  funding  is  available.  The  "going  program"  based  on  1964-69 
level  of  development  would  accomplish  about  70  percent  of  the  proposed 
program.  The  additional  protection  needed  for  states'  alternatives  will 
be  an  integral  part  of  the  Increased  development  cost. 

Flood  control 

Without  additional  flood  damage  reduction  measures,  annual  flood 
damage  is  estimated  to  increase  from  $2.8  million  (1965)  to  approximately 
$4.2  million  by  1900,  $6.8  million  by  2000,  and  $10.6  million  by  2020. 

To  reduce  the  hazards  to  health  and  human  life  and  excessive  economic 
losses  from  floods,  an  appropriate  degree  of  protection  should  be  pro- 
vided through  structural  and  nonstructurai  measures,  consistent  with 
other  uses  of  water  and  land  resources.  The  future  flood  damage  reduc- 
tion program  consists  of  0.2  million  acre-feet  of  sing le-picrpose  flood 
control  storage  and  2.1  million  acre- feet  of  multipurpose  storage  capac- 
ity; construction  of  9 miles  of  levees  and  li.  miles  of  chaimel  improve- 
ment; nonstructurai  measures  including  improved  flood  forecasting,  dis- 
semination of  flood  hazard  information,  flood  plain  zoning,  and  other 
measui’es  by  J.ocal  authorities;  and  land  treatment  on  7 million  acres 
under  watershed  iianagement  programs.  The  program  would  reduce  potential 
annual  flood  damages  by  $c-’(''  million  in  the  year  2020. 
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Reoreatioii 

ever  90  percent  ol‘  the  i.'iipact  on  recreation  resources  is  estimated 
to  result  Prom  nomvs  Ldents  of  the  rep  ion.  Ttie  low  resident  population, 
adjacent  metropolitan  areas,  and  hipli  ^iuality  natural  resoorces  are  the 
major  factors  that  combine  to  create  this  situation.  There  is  an  abuii- 
dance  of  undeveloped  land  available  in  public  ownership  to  provide  !and- 
reiated  recreation  opportunities  for  residents  and  nonresidents.  However, 
there  are  areas  of  outstanding  ^luality  not  now  in  public  ownerslilp  that 
need  to  be  pmvhased  to  ensure  their  protection.  Also,  Locally,  there 
ai-e  needs  for  these  lands  because  of  inadequate  distribution  of  public 
Lands.  To  provide  more  people  the  opportunity  to  enjoy  these  areas, 
there  is  need  for  more  recreation  facility  devel.opment  and  for  support- 
ing seivices.  Tliis  need  is  related  to  private  developments  and  to  tlie 
presently  inadequate  funding  and  staffing  of  land  administering  agen- 
cies. Regionally,  thei'e  are  no  sui'face  water  needs  projected  until 
2020;  however,  there  are  needs  Locally  because  most  of  the  water  surface 
area  Is  concentrated  at  a few  locations.  To  make  more  existing  and  newly 
developed  water  oi’eas  available  to  recreatlonlsts,  there  is  considerable 
need  for  more  access.  This  may  revpiire  legislation,  special  li^q-eement s , 
or  Uie  consti’uction  of  more  roads,  as  the  case  may  warrant. 

Fish  and  wildlife 

fport  hunting'  and  I'ishlng:  capacity  can  continue  to  satisfy  demands 
over  future  years  witii  the  exception  of  hunting,  and  fishing  in  Arizona 
and  New  Mexico  and  the  big-game  hunting  in  Wyoming.  Continued  el’fective 
management  wil 1 be  essential  and  on-going  plans  and  programs  of  the  state 
and  Federal  fish  and  wildlife  management  ageiuics  must  be  vigorously  pia'- 
su<,-d  tv'  sustain  tiie  iiabltat  capacity. 

Elec'ric  pv'wer 

A l■.•'t,al  p 'wer  generating  cap.acity  installa!  ion  of  ll.AOO  megawatts 
is  projected  under  tlie  fivimework  plan  by  i he  year  2000  to  satisfy  regivii. 
and  export  requirements.  Thin  total  includes  a very  large  increase  ii: 
t lierm/'-l-eleci  r ic  generation  facilities  wliicli  will  consume  about  D^l.bCK'’ 
acre-feet  of  wr\ter  annually  for  cooling  purposes.  IL'  sigr.  If  leant  increase 
'.if  hydroelec; t rie  plant  installation  is  planned  beyond  1 liose  present  l.v  au- 
thorized r under  coi.strui-t.ion . Piunped  ;;1  orage  sites  are  available  in  the 
region  but  will  not  be  developed  icoon  as  equally  good  sites  are  available 
at  p 'int  s closer  t,.i  t.he  large  loads  In  adjacent  regiotis.  Oenerat  i.'t;  by 
nuclear-fired  plants  or  other  metluxis  is,  lamsidered  unlikely  due  t.o  com- 
petition with  1 ^wer  Cost  coal  fuel. 

W.ater  quality 

The  ipialit.y  'f  surface  .and  gr  'uiid  water  supplies,  would  gener.ally'  'ie- 
'■r'.a.ce  will)  'lie  pro.jec't-i  levels  'f  u.ce.  Hwever,  t tie  utili'y  1’  writer 
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in  the  region  will  not  be  seriously  affected.  Feasibility  studies  on 
potential  water  quality  improvement  projects  for  the  Colorado  River  li;i- 
sin  are  needed. 


PART  VIII 
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Introduction 


Adoption  of  the  framework  plan  and  alternatives  as  a means  for  meet- 
ing future  needs  is  recommended  for  general  use  as  being  indicative  of 
the  magnitude  and  t;,-pe  of  future  development.  While  there  are  some  dif- 
ferences in  the  type  of  water  uses  for  the  alternatives,  these  iiave  been 
identified.  Major  differences,  particularly  in  the  higher  water  use  al- 
ternatives, reflect  the  extent  to  which  the  mineral  resources  will  be 
developed,  the  need  for  more  agricultural  production,  and  the  need  for 
greater  water  exportation  to  adjacent  regions.  Development  of  these  lat- 
ter alternatives  requires  augmentation  of  the  Upper  Colorado  Basin  water 
supply.  While  more  study  will  be  needed  prior  to  making  some  of  these 
long-range  decisions,  there  are  many  recommendations  which  are  basic  to 
the  needs  of  the  region  and  have  been  outlined  below. 


General  Recommendations 


1.  The  authorized  Federal  water  resource  development  programs  should 
be  funded  and  constructed  in  order  to  help  meet  the  production  of  required 
goods  and  services  as  the  initial  steps  in  the  implementation  of  the  frame- 
work program.  Annual  funding  should  be  increased  from  the  actual  level  of 
$4-7.6  million  in  1969  to  approximately  $73  million  for  the  period  to  198O. 
Non-Federai  funding  should  be  approximately  doubled  for  the  same  period. 

2.  Planning  options  in  resource  development  should  be  considered  to 
the  fullest  extent  in  order  to  protect  and  enhance  the  environmejit , par- 
ticularly :f  opportunities  are  available  outside  the  region  to  meet  needs. 

3.  An  effective  water  quality  improvement  program  for  the  entire 
Colorado  River  Basin  should  be  implemented  immediately  with  high  priority. 
This  program  should  seek  solutions  to  present  water  quality  problems  and 
should  include  measures  to  alleviate  the  effects  of  additional  development 
to  the  extent  practicable. 

4.  The  high  quality  recreation,  fish,  wildlife,  and  open  space  values 
of  the  Upper  Colorado  Region  should  be  recognized  as  national  assets  that 
should  be  preserved  and  given  special  recognition  in  land-  and  water-use 
planning. 

5.  An  extensive  land  use  and  capacity  analysis  should  te  made  to 
insure  the  best  xise  of  all  resources. 
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6.  An  expaiided  land  :iiana{_i;ement  prori’ani  should  be  pm-sued  bhrouf'h  the 
exLStinE’'  Land-attmlni sterlnf’:  ai'encLes  and  private  liiterests  I'or  purposes 
of  coord inatL nr  future  land  uses  and  instituting  land  treatment  and  pi-o- 
tection  measures. 

7-  Detailed  laud  use  studies  of  presently  irrigated  lands  and  addi- 
tional land  classification  sm-veys  of  potentially  Irrlf-aile  lands  should 
be  conducted  to  insure  proper  manaEtetnent  aiid  best  iise  of  the  I atid  and 
water  resource  for  future  developments. 

3.  Future  needs  of  the  mineral  Industry  should  be  provided  ijy:  (l) 
reasonable  access  to  mineral -bearing  lands  for  both  exploration  and  devel- 
opment purposes,  (2)  availability  of  dependable  water  supplies  based  upon 
competitive  principles,  and  (3)  the  emergence  of  a government- i ndustry 
"policy  climate"  that  would  encourage  domestic  minemls  development,  sup- 
ported by  meaningful  research  efforts,  and  with  due  considei-aticn  to  ion.  - 
range  social  and  environmental  obli.cat i ons  of  industry. 

9.  A flood  damaf’;e  reduction  program  should  re  adopted  as  a general 
guide  for  solving  the  flood  problems  of  the  reE^ioii.  'flie  proposed  possii  le 
solutions  to  the  serious  flood  problems  should  be  studied  in  detail  and 
followed  by  timely  implementation  of  appropriate  damage  reduction  iiira.'urer  . 

10.  Balance  amoni:  economic  sectors  should  be  souglii  in  the  planned 
economic  development  of  the  region.  For  instance,  development  of  recrea- 
tional areas  should  be  supported  i y related  service-type  sieeds  of  the 
industr.  . 


11.  A more  comprehensive  evaluation  of  the  effect  ol‘  regional  water 
development  and  mana.gement  pro, grams  in  tenns  of  production  ajid  ut  i 1 i r.at  ii)n 
of  labor  and  capital  is  needed.  Tlie  re/tion  contains  underdeveloped  areas 
and  areas  of  economic  depression  and  in  many  cases  an  iimnobile  work  force. 
Providing  ,iobs  and  income  to  those  areas  should  bo  an  import. ant  ol  gectlve 
of  the  ruE'^ion  and  the  nation. 

12.  Additional  analyses  of  alternatives  and  ass\mipt i ou;'  should  po 
conducted--part,icularly  as  they  pertain  t.o  eff  ic  ienc  ies  of  watei'  lu'p, 

a 1 teiTiat  i ve  cropping  patteivis,  alternative  crop  yields,  level  of  valor 
availa:  Hit;.',  as'^ri  cultural  production  poss  il  i 1 i t ies  of  food  and  livestock 
products  for  export  (red  meat),  and  alternative  government.  afU'i  .lul  t iral 
programs . 

13-  The  economic  Impacts  of  private  or  public  Itivestment.  in  roEMonal 
mineral  resources  development  (oil,  shale,  coal,  uranium,  etc.)  upon  the 
rate  and  level  of  regional  economic  ('rowth  as  measureii  in  t.erms.  of  emplo;. - 
rnent.  personal  income,  output.,  and  relative  contribution  t.o  cross  regional 
product  should  be  anal, ■.■zed  in  depth. 
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L^t.  Additional  analyses  on  how  water  resom-ce  development  pi-otTajiis 
change  employment  participation  rates,  types  of  employment,  incoiae  dis- 
tribution patterns,  educational  levels,  or  othei-  socio-economic  factors 
for  Low  Income,  minority,  and  rural  population  sectors  should  be  initiated. 

15.  Legal  and  institutional  arrangements  should  be  modified  to  pi’o- 
mote  greater  flexibility  for  future  uses  of  water  and  land. 


gpeclfie  Recommendations 


1.  Encourage  local  governmental  agencies  to  taKe  advajitage  of  the 
opportunity  for  early  implementation  of  nonstructural  flood  plain  mai;- 
agement  measures  because  of  the  present  sparse  population  and  lack  of 
extensive  developments  in  the  flood  plains.  This  would  permit  sound  land 
use  planning,  in  guiding  development  and  use  of  the  flood  plains  to  mini- 
mize future  flood  losses  and  eliminate  the  need  for  channellcat ion  or 
other  structural  flood  control  measures.  Studies  should  be  made  to  deter- 
mine the  degree  of  participation  of  Federal,  State,  and  local  government 
levels  in  tlie  implementation  and  enforcement  of  land  use  constraints. 

2.  Provide  for  storage  of  fLoodwaters  in  multiple-purpose  reser- 
voirs concurrent  with  needed  watei'shed  treatment  measures.  Install  lev- 
ees and  channel  improvement  only  at  critical  locations  where  other  altei’- 
natives  fail  to  provide  the  needed  protection. 

3.  Consider  establishing  State  authority,  similar  to  that  in  Colo- 
rado, to  allow  State  governments  to  furnish  the  local  share  of  project 
cost  when  the  financial  ability  of  Local  interests  is  exceeded  in  oi-der 
that  needed  flood  protection  projects  can  be  installed. 

L.  Implement  watershed  management  protection  pi-ograms-- inc lading 
land  treatment  on  2k  miliioti  acres  and  installation  of  Yd,000  water  con- 
trol structures  in  conjunction  with  management.  Immediate  attention 
should  be  given  to  the  3-9  million  acres  in  critical  erosion  co.ndition. 

5.  Develop  supplemental  irrig.ation  water  for  established  irrigated 
areas  to  stabilise  existing:  developments. 

o.  Impi’ove  irrigation  water  management  and  conveyance  faciilt ies 
and  appLy  land  treatment  measures  to  increase  irrigation  efl'lciencies. 

7.  Complete  detailed  Land  use  and  land  c Lassif icat ion  studies  to 
identify  Lands  considered  submarginaL  for  efficient  irrigation. 

8.  Identify  and  eLirninate  from  futux’e  irrigation  di'VeJopment  lands 
that  would  increase  the  saLt.  Load  signif  Leant  Ly  in  1 he  st  I'eam  syslem. 
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9.  Continue  development  of  improved  plant  and  crop  opeeies,  I'er- 
tili.’ers^  and  insect  and  disease  control  on  dry  and  irrigated  cropland 
to  meet  the  increased  food  and  fiber  production  i-equlrements. 

10.  t>ipand  the  range,  treatment,  and  itanagement  program  to  approach 
the  optimum  of  8.4  million  AUM's  per  annum  of  production  for  livestock 
and  wildlife  grazing. 

11.  Accelerate  the  intensive  forest  management  program  to  utilize 
the  harvestuble  timber  resource  tiirough  improved  marketing,  and  expanded 
iiarvest  management.  These  programs  include  timuer  stand  improvemerit 
practices,  increased  protection  from  insects,  fire,  and  disease,  and  im- 
proved forest  product  utilization. 

12.  Include  provisions  for  investigation  and  salvage  of  the  archeo- 
logical resources  in  feasibility  studies. 

13.  Study  free- flowing  rivers,  and  others  of  high  quality  to  deter- 
mine their  suitability  for  inclusion  in  a national  or  state  system  of 
wild,  scenic,  or  recreatio2ial  rivers.  Those  found  suitable  for  such  des- 
ignation should  ue  givei:i  protection  by  enactment  of  appropriate  legisla- 
tion. 


I4.  Determine  more  clearly  the  optimum  carrying  capacities  and  best 
uses  of  e.xisting  and  potential  recreation  land  and  watei’  resources.  Wlien 
this  infomation  is  available,  a system  to  regulate  kiiids  and  amounts  of 
recreation  activities  at  each  area  should  be  implemented  to  avoid  overuse 
and  insure  quality  recreation  experiences. 

L5«  Develop  and  apply  an  objective  system  for  evaluating  environ- 
mental assets  associated  with  water  resource  and  other  developments  on 
a par  with  economic  considerations. 

16.  Protect  outstanding  natural,  primitive,  and  liistoric  and  cul- 
tural areas  by  expansion  and  establishment  of  wilderness  areas,  national 
parks,  national  monuments,  and  national  recreation  .'ireas. 

I'f-  Routing  ol’  utilities,  land  transportation  facilities,  and  air- 
craft should  be  based  on  additional  factors  other  than  solely  economic 
considerations  or  short-range  benefits.  iiepanded  consideration  sho'uld 
be  given  in  selection  of  multiple-use  corridors, 

18.  Provide  public  access  to  recreation,  huntlit.';,  fishing,  scenic 
areas,  and  oi.her  multiple- use  areas. 

19*  Design  and  oix'rat.e  reservoirs  to  pi'ovide  maximum  mu  1 tipLe-\ise 
within  the  reservoir  basin  and  provide  opt  imiun  downstream  benefits. 
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20.  Adopt  regulations  by  governmental  agenoies  to  protect  and  re- 
store natural  lakes  by: 

a.  Prohibiting  alteration  of  remaining  natural  lakes  with 
outstanding  scenic  and  biologic  qualities. 

b.  Prohibiting  further  develojinient  of  lakes  on  which  res- 
ervoirs were  superimposed  but  which  still  retain  outctandin' 
attributes. 

c.  Retiring  storage  resei'voirs  tiiat  have  seen  -'ns’r.cted 
over  lakes  whenever  they  are  abandoned  or  there  is  cppom  ^rht,. 
for  transfer  of  the  storage  capacity  to  larger  mult i pie- p.nq 
reservoirs,  such  retirement  to  be  followed  by  rehael i itat b n 'u 
productive  levels  at  which  they  can  function  as  fisnl.-ig  ja.<es. 

21.  Provide  for  maintenance  or  improvement  of  tiie  food  and  cover 
plants  required  by  wildlife  occurring  in  the  areas  of  crush  control  and 
other  range  rehabilitation,  especially  for  mule  deer,  antelope,  and 
sage  grouse. 

22.  Control  of  phreatophytes  should  not  be  underuaken  in  moose  ra-uge 
or  in  other  stream- bottom  areas  where  significant  fish  and  wildlife  values 
are  dependent  upon  the  plant  species  to  be  removed. 

23"  Incorporate  in  raining  activities  such  measui’es  as  ai’e  necessary 
to  control  the  emission  of  pollutants  into  the  streams  and,  in  the  case 
of  surface  mining,  provide  measures  to  restore  the  topography  and  vegeta- 
tion of  excavated  areas  to  original  conditions,  insofar  as  possible,  upon 
cessation  of  the  mining  activities. 

2k.  Adopt  appropriate  mitigation  measures  in  drainage  practices  In- 
volving Federal  participation  where  wetlands  of  value  to  fisli  and  wild- 
life are  involved. 

25.  Develop  environmental  control  programs  at  all  levels  of  Govern- 
ment to  support  present  programs  which  protect  the  public  from  health 
hazards  from  air,  water,  and  vector- borne  diseases. 

26.  Clarify  the  Federal  reservation  doctrine  relating  to  water 
rifd^ts  and  quantity  of  Federal  water  claims  at  an  early  date. 

27.  Conduct  research  and  studies  on  the  production  and  ti'ansmlssion 
of  electrical  energy,  including  control  methods  for  particulate  iriatter, 
sulphur  and  nitrogen  oxides,  disposal  oi’  fly  ash,  utilization  of  l.ow  grade 
waste  heat  available  in  '.’ooling  water,  env  i roivnerital  impact  of  jilant  sites 
and  transmission  line  routings,  and  coniroi  of  associated  mining  areas. 
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28.  Re-  evaluate  the  needs  and  install  necessary  instrumentation  to 
monitor  evapoi'at Lon,  water  quality,  flood  forecasting,  soil  conditions, 
and  air  quality  data. 

29.  Follow  the  prese:it  Framework  Study  of  the  Region  by  detailed 
studies  through  which  the  findings  of  the  Type  I Study  can  be  translated 
into  specific  planning  proposals. 
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